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[HeftdJannary 12, 1870.] 

J. Ball Gkeene, President, in the Chair. 

a Novel Means of Transit for Minerals in the 
County of Sligo. By C. P. Cotton, Member. 

D1JBIN6 the last eummer the author had an opportunity of 
seeing, in full work, a plan for transporting minerals from the 
top of a mountain direct to the low-lying plain at its foot. 

The method adopted was that of hooking on a auccesslon of 
email boxes to au endless wire rope passing over two pulleys, 
one at the top of the mountun, the other below in the plain. 

As one side of the rope was hung with loaded boxea and 
the other with empty ones, the former waa continually, when 
unchecked by the break, descending and the latter ascending. 

This adaptation of the wire tramway was quite new to the 
author, though it was not, as he afterwards learned, an 
original idea in this instance ; but the system, to hia know- 
ledge, bad never been carried out to such an extent before, 
the clear distance between the pulleys being iu this instance 
cldse on half a statute mile. 

Apart from the novelty of the plan, and the boldness of the 
design, this wire tramway of Mr. Barton's is worthy of being 
recorded among the transactions of the Institution, aa it is 
always useful to have the details of an unique work to refer 
to, when perhaps the work itself cannot be visited, or may 
have disappeared in toto. 



TRANSIT OF MraERALfi. 

The mineral worked by Mr. Barton Is barytes, nearly pure 
sulphate of baryta, which is found in veins, now and then 
swelling out into large pockets, in the limestone mountains 
to the north of the town of Sligo. 

Owing to the disposition of the strata the general shape of 
these hills is very peculiar, the top being generally a flattish 
table-land, bounded by precipitous sides, as ia shown on the 
section (Plate I., Fig. 1). The barytes is only found on the 
top of the hill, which in round nnmbera is one thousand feet 
above the plain. Here it was formerly worked at various 
times, but always abandoned on account of the expense of 
getting it down. 

Ab there ia a large pocket of minerals on the very edge of 
the mountain on Mr. Barton's sett, he began working at this 
point, and then set about devising some plan of directly con- 
veying the produce down, in lieu of the old system of very 
small loads on donkeys, which had to travel a long winding 
and very eteep path. Hia first plau waa by means of a long 
partially Uexible wooden tube, 8 inches square in section, 
made in lengths of 3 feet, each length being slightly inserted 
into the length tielow it, and the whole connected by two one- 
half inch wire ropes firmly fastened to each box by staples, 
and dependent from the upper point of attachment at the edge 
of the mountain. By this tube the mineral was led to tho 
top of one of the lower precipices, over which it fell, and up 
the bottom of which a steep winding path was made. The 
mineral was, of course, greatly scattered in the fall, but as 
much as could be collected was loaded on small sledges, and 
horsed down to the public road, iVIr. Barton soon found this 
plan would not answer, owing to the quantity of mineral that 
was lost at the joints on its passage down the tube, and the 
small proportion of what fell over the precipice which could 
be collected. 

He then consulted Mr. Hodgson, who is well known as the 
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■ducer of the Wire Trnmway System, and tlie result was 
tte wire tramway which la now at work, and which I ahall 
briefly describe: — 

The system consists of an endless wire rope paaring round 
two pulleys, one, above, fixed; the other, below, adjustable. 

The upper pulley, whose axle U, of course, normal to the 
catenary, is furnished with a break. The beatings of the axle 
rf the lower pulley, which is nearly vertical, are capable of 
being moved horizonlally in the direction of the tramway, eo 
as to stretch the rope In the first inetaDce, and afterwards to 
correct for the lengthening of the rope under work. This 
correction has come into play to the extent of 4 feet, the 
tope having stretched 8 feet in a total of 4,760 feet ; this 
Mi. Barton attributes to the esuaion of the tar from the core 
of the rope under the pressure to which it is subjected. 

Tlie pulleys are 6 feet in diameter, with a V-ehaped groove. 
The ascending and descending, or the loaded and unloaded, 
ropes fonn different catenaries, but the difference of the tan- 
gential angles at each end is so slight that the V is sufficient 
to keep the rope on the pulleys, tliough the author is of 
opinion that guide rollers in front of the terminal pulleys would 
n«ke the whole work more smoothly, and the rope last longw. 
The roi>e is 2 inches in circumference, made of steel wire, 
ami weighs 23 cwt., being 3-25 lbs. per fathom. The 
horizontal distance between the pulleys is 2,200 feet, and the 
Tertjcal 1,050 feet. The angle made by the upper end of the 
loaded rope with the vertical was 37° 30', and that of the lower 
end of the same rope was 98°, the angles of the unloaded rope 
being 38° 30' and 100° respectively. 

The boxes weigh each 11'2 lbs,, and cai-ry a load in each of 
56 lbs. There are twenty boxes, ten loaded on one rope 
d^cending, and ten empty on the other roj)e ascending. The 
ent ire weight borne by the pulleys is thus 30 cwt. 

angement is almost self-acting. When a full box 
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has been hooked oa at the upper end the man in charge 
relieves the break, and the loaded rope moves gently down 
until the empty box next in rotation approaches the pulley, 
when the break is put on, the box taken off* filled, and put 
on the other rope. At the lower end the rope, which is nearly 
horizontal, passes over and close to a platform on which a man 
stands between the wires to take off the loaded boxes as they 
approach him, empty them through a hole in the platform into 
a cart, and then hook them on the return rope. 

The attachment of the boxes is by a plain wire hook, 
clasping the rope between two thicknesses of hemp seizing. 
This gives a good deal of trouble, as it requires constant 
renewal. It certainly admits of improvement. 

The rate of delivery is slow, about one box in each minute, 
or 30 cwt. per hour. 

The fact is worth noting, that even in the middle of thia 
immense span, where looking at them from below, the little 
boxes appear like infinitesimal balloons, there is no incon- 
venience from vibration of the rope, even with strong winds, 
nor although the boxes are open are their contents ever spilled. 

The erection was a work of some difficulty. The only 
access to the top, on the side on which Mr. Barton was 
working, is by a very steep footpath up which all the materials 
and gear, except the wire rope, had to be carried, and with 
the lai^e pulley, weighing 6 cwt., the greatest difficulty was 
experienced. When this pulley was got in place, a light rope 
was let down and one end of the wire rope attached to it 
and drawn up, passed round the pulley, and by another rope 
drawn down, and the two ends spliced. The horizontal 
adjustment of the lower pulley was made by the weight of 
water in a box measuring a cubic fathom, which acted by a 

■ In Mr. Hodgaon'a Wire Tramway Sjatem, as now constrocted, a very 
ingenioua orraiigemeiil; is introduced, by which the box detacheB itself from the 
Kipe, and runs on wheels raunrf the pulley on to the rope again on the other aide. 
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a pasdng over a pulley on to the bearings of the axle 
(Plate I., rig. 3). By filling this box to a definite height 
any strain required up to 6 tons can be put on the ropes. 

The curves which the ropes assume, it must be remarked, 
are not true catenaries, and the loaded boxes are at long 
intervals, and considerable in weight as regards the inter- 
Tening lengths of rope, and the investigation of the struna 
does not admit of a complete solution. We know enough, 
lowever, to approximate to the working strmns. 

Asauming that the loaded rope weighs 13 cwt. and its 
loaded boxes 6 cwt., the total is 19 cwt.. and the total of the 
unloaded rope 11 x 1 = 1^ cwt. 
The angles being as given above. 
The tension at upper end of loaded rope is 



19 ewt. X- 



= 28-4 cwt. 



. 44° 30' - 

e tenaion at lower end of loaded rope is 

sin. 37" 30' ,,^ 

This agrees very well with Mr. Barton's observation, that 2 
tons of water in the suspended box are always sufficient to 
stretch the rope, the combined tensions with the friction being 
probably near this amount. 

Though the description of this simple but bold expeiiment 
of Mr. Barton's may not be <lirectly of use, as it is unlikely 
that exactly similar circumstances will again be found com- 
bined, yet the knowledge of what fiaa been done, of the 
immense space and height which have been successfully dealt 
with, and the fact that it was not merely theoretically possible 
but practically a success, may encourage to still bolder designs 
engineers who may encount^er difficulties similar to those so 
successfully dealt with by Mr. Barton. 
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[ March Bth, 1870.] 



C. p. Cotton, Hon. Sec, in the Chair. 

On Permanent Wat. 

By Charlbs G, Napier, Member. 

In the following notes on Permanent Way, the author begs 

to disclaim any pretension to novelty or originality. They 
are aimply the result of observations made from time to time 
in the course of some years' professional experience, and, 
aa such, are offered for discussion and criticism at this 
Meeting. 

It is unnecessary to dwell on the importance of the subjeot. 
To convince one of this, a very slight conaideratioii of the 
forces brought into play in a travelling train must be 
sufficient. The train weighs, perhaps, 100 tons, the engine 
35 tons more. The whole of this mass, with its load of 
human beings, is whirled along at a speed of 40 or 50 miles an 
hour, and when we consider the momentum it must acquire ; 
that its only safe position is while its wheels run along rails 
not three inches wide ; and that the only means of keeping 
them there is by flanges but an inch and a quarter deep; 
when we consider all this we may well be led to wonder at 
the scarcity of accidents, rather than at their frequency — 
and thence, to speculate on the conditions of safe railway 
travelling- — how to ascertain, and how to define them. In 
pursuing these reflections, the mind seems invariably to be 
forced to an uneasy couviction of the scantiness of our 
knowledge on the subject, and of the difficulty of making 
observations likely to be of practical value. 

Speaking, generally, there are two .lystems of Permanent 
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Way in use in Ireland; with one the mla arc laid on 
continuous bearers of timber, tied together at convenient 
distances to preserve the gauge; with the other the raile 
on a succession of cross sleepers about a yard 



K^he continuous bearing afforded to the rails by the first, 
ailmitting of the use of a lighter rail, undoubtedly 
D absorbing the vibration and concussion generated by 
ins travelling at speed, and thus diminishes the wear and 
; but it is difficult of repair, and there is also a scarcity 
f ties to counteract the tendency which the tlanges of the 
isheels have to force the rails a])art or to spread them ; with 
cross sleepers, on the contrary, there is great facility in 
carrying out the repairs and renewal, and the number of ties 
which they form, add much to the security of the road, 
especially in case of accident, or if the materials happen to be 
old. As the cross sleepers, however, give, not a continuous, 
but an interrupted bearing, the rwl must be of sufficient 
strength to carry the passing load over the space intervening 
between the sleepers, 

Notwithstanding some theoretical advantages in the longi- 
tudinal bearer, the general result of experience seems to 
indicate that the balance of advantages is in favour of the 
cross sleepers— that, in this way, it is easier to secure the 
proper maintenance of an efficient Permanent Way ; and in 
all engineering works practical efficiency must content us, 
because we shall always fall short, not only of theoretical 
perfection, but even of that approach to it, which, under very 
favourable circumstances, may be obtained. Thus, a mile of 
rails on longitudinal bearers may be laid down and, perhaps, 
by extreme attention, may lie kept in a condition superior to 
anything which can be reached with cross sleepers; hut it 
will be at a cost which renders it practic^ally unattainable on a 
e scale. 
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Of the form or aection of rail in general use there are three — 
Ist. The Double-headed Riul. 
2nd. The Vignollea or Flanged KmI. 
3rd. The Bridge Rail. 
The first is generallv laid in cast-iron chairs attached to the 
cross sleepers hy spikes or bolts. The rail being secured in 
the jaws of the ehair by keys of hard wood. 

With the flanged rail the cast-iron chair can be dispensed with, 
and the rail itself bolted or spiked directly on to the sleepers. 

The double-headed rail undoubtedly possesses many advan- 
tages. Among the first of which is to be reckoned the 
broad bearing on the sleepers, which is obtained by the 
intervention of the chair — this, by distributing the weight 
over a greater surface of timber, saves it from crushing — and, 
as long as the rail is secure in the chair, gives greater stability 
to the road. It has always appeared to the author, however, 
that the ordinary method of securing the rail in the chair is 
defective and requires improvenient. 'T^he chairs and keys 
add nearly 20 per cent, to the first cost in materials, as 
compared with the flanged rail. 

The third section of rail is the Bridge Rail. This has 
been laid both in cross sleepers and longitudinal bearers. 
Among the advantages it possesses, are — 1st. The compara- 
tive breadth of base and consequent stability; 2nd. The 
breadth of the face of the rail; and 3rd. The strength and 
capacity of wear in the head of the rail. 

As a practical illustration of this capacity for wear, there 
are here two pieces of rail, both (as far as we have been able 
to ascertain) originally of the same section, bnt one of them 
worn down nearly one inch. It is noticeable that of these 
two pieces of rail, that which is least worn down appears to 
have been longest in use. It comes from a portion of the 
G. S. & W. Railway, between Charleville and the Limerick 
Junction, while the other piece comes from the down line in 
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file Tunnel at Cork, It is obviouB that neither of the other 
two sections (Plate II., Figs. 1 to 10), would admit of 
anything like the wear which Fig. 5 and the apecimen 
exhibit; but against these advantages in the bridge-rail there 
is this disadvantage — it does not admit of the fished joint 
which is BO easily adapted to Figs. 1 and 2. Harty's chair haa 
been extensively used with the bridge-rail, as apparently 
making the best joint yet contrived, and applicable to that 
section. It is suflSciently strong and superior in security, 
although somewhat inferior in smoothness to the fished joint. 

Whatever section of rail be used, there can be no doubt 
of the very great importance of securing a broad face to the 
rail, and of the advantage of making tlie form of the head 
correspond with that of the tyre of the wheel. To illustrate 
this, Fig. 8 shows the section of a rail actually in use in this 
country, and over it is shown the section of a tyre of a wheel 
also in use. In Fig. 7 is shown the same tyre placed over an 
imaginary section of rail made to suit it. No one, we will 
venture to say, looking at these two figures, can for a moment 
doubt that the wear and tear of the wheels in Fig. 8 would 
greatly exceed that which, cceteria paribus, would take.place 
if they ran on a rail having a head such as is shown in Fig. 7. 
In the first case the wheel would wear as in Fig. 10. In the 
second they would wear evenly, and consequently last much 
longer. Suppose, however, that by great attention and 
expense the wheels used with the rail shown in Figs. 8 and 10 
were kept true ; there is another objection to the light rail, 
namely, that the oscillation from side to side would be more 
rapid, and any alight inequality in the surfaca of the rail more 
easily felt than with the broad rail ; this rapid oscillation is 
very objectionable. 

It must not, however, be supposed that even with such a 
section as is shn.wn in Fig- 7, the wear of the r!ul and wheel 
would exactly correspond ; although the wear of both would 
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be more even than mth the narrow rail, the tendency would 
still be to flatten the rail, the section of which, as it 
approached more nearly to that shown in Fig. 5, would 
become more and more destructive to the wheel. 

The great su])eriority in principle of the fish-joint over 
any other yet designed, ia so well eatablished as to require no 
remark; but there is another form of joint which has been 
extensively used with the bridge-nul in this country, and 
which appears so objectionable as to deserve a few remarks 
on its defects. 

With this joint the enda of the rails meet on a wrought-iron 
chair having a vertical rib to fit the hollow of the rail ; thia 
chair, which is the same width as the base of the rail, rests on 
a broad sleeper — two fang-bolta passing through both rail and 
chiur, fasten the end of each rail to this sleeper. (See Plate 
II., Fig. 11). Now, in the first place, the effect of the 
passing load on so short a joint aa this, is that the end 
of the chair becomes a fulcrum at A, and if there is any 
yielding of rail or sleeper at E, the rail beconiee a powerful 
lever on the fang-bolts, causing them to start and get 
loosened, to the destruction not only of the smoothness and 
tightness of the joint, but also of the timber; for the bolt 
holes, from the continual working of the bolts, become 
enlarged and admit wet, which soon leads to the decay of the 
; but there is another effect which the passing load 
L this joint. In a double line, where the traffic is 
always passing in one direction, there is a tendency in the 
passing load to push the rail along in the same direction. 
The effect of this tendency is seen on spikes and bolts which 
have been in uae for some time ; the side of the bolt opposed 
to the traffic being worn by the pressure of the flange of the 
rail against it. It would be satiafiictory to have the accuracy of 
this observation corroborated by other evidence. Tliese effects 
have so repeatedly come under the observation of the author as 
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ave him no room to doubt that this Kction goes on ; neither 
there appear to be any pruni\ facie improbability in the 
er. In the joint with which we are now dealing, there is « 
indency in the joint sleeper to become tilted or canted over in 
the direction of the passing load ; the canec of this appears to 
be the pressure of the rail in its forward naovement on the 
bolt, and the effect is to cock up the end of the rail and thus 
lead to its fracture at C. 

Mr. Harty uses a longer chair and rests its ends on sleepers 
about 18 inches apart, to which he attaches both mil and chair 
by fang-bolts — this lengthening of the joint, so that it haa a 
bearing of 3 feet instead of one — greatly relieves the strain on 
the fang-bolts, and practically gets rid of the tendency in the 
sleepers to become canted. This joint when properly tkstened 
and attended to, is little inferior to the fish joint in smoothness, 
and is superior to it in security ; because with the fish joint 
any mahcious person with a, spanner can unscrew the nuts and 
remove the fish-plates, thus breaking the road. Whereas with 
Harty's joint it is necessary to take out the fang-bolts, which 
attach both rail and chair to the sleeper, and also to lift the 
rail before the joint chair can be removed. 

We have, both in this country and in England, generally 
adhered to tlie use of timber as a support for the rails. 
There have been many ingenious designs for adopting some 
material of greater durability, but it is doubtful whether any 
be found so capable as timber of absorbing the great 
iration and concussion, which must always be generated by 
passage of heavy trains at high speed. It demands both 
and judgment in the selection. It appears to the author 
that, when properly selected, the native larch is fully equal, 
if not superior, to any foreign timber ofliered for sale for 
sleepers in this country ; and, in small quautities, it can be 
obtained at a clieaper rate. The Scotch fir grown here, 
fhen it has been allowed to attain maturity under favourable 
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circum stances, makes excellent aleepera. When felled before 
it has attained maturity, it ia full of sap, and coinparatively 
worthless. It is to be regretted that landowners in Ireland 
have not bestowed naore care and attention on the growth of 
timber for useful purposes ; there is a considerable proportion, 
of land in Ireland extremely well-fitted for the growth of 
larch and Scotch fir, and of inferior value for other purposes. 
And home-grown timber has one marked advantage over 
foreign, namely, that the soil and situation in which it is 
grown, the time at which it is felled, and the subsequent 
treatment which it receives are easy to ascertain. On these 
circumetances the value of all timber must in a great measure 
depend. 

Nothing hastens the decay of sleepers so much as the 
boring of holes in them for the reception of the fastenings. 
If some simple means could be contrived for securing the 
rail to the sleeper without boring holes in the latter, or even 
of excluding the wet perfectly from the holes, the durability 
of a sleeper would be considerably increased. It has been 
Buggeated to the author by a naval officer, that if the holes in 
the sleepers were filled with hot tar before driving the spikes 
or bolts this object might be attained. The remedy Is so 
simple as to be worth a trial. 

The author has made some efforts to arrive at a satisfactory 
conclusion as to what may be taken as the average life of a 
sleeper, but the data from which the calculation should be made 
are difficult to collect and determine. The original quality 
of the sleeper ought to be known ; for those of a superior 
quality, favourably placed, will last as much as twenty years ; 
whereas inferior sleepers, such as are now frequently pm'chased 
by Railway Companies — on account, we will not say of their 
.cheapness, but of their low price — will decay in three or four 
years. There are, besides, many other ci renin stances, such as 
the amount and nature of the traffic running over them, the 
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jeed of the tnuns, the deacription and weight of the rail, 
which must all be taken into consideratioD in determining 
when a sleeper has become unfit to be retained in a line. 

er, if the removal of the sleepers on a railway has for i 
fiew yeara been neglected, or carried on in too niggardly a i 
lay, the lost ground would of course have to be mode up by , 
exceptional renewals ; and an average life of a eleeper, calcu- 
lated from a line undergoing such renewal, must neceeearily ( 
turn out very fallacious. 

Without pretending to mathematical accuracy, however, ' 
we may estimate that, under ordinary circumstances, in this 
lountry fifteen years may be taken as a fair average life for a 
jeper; or, in other words, that if Irish Kailway Companies 
idily to renew one sleeper out of every fifteen in each 
year, their permanent way would be euEBciently maintained in 
this respect. Of course, however, if, say for two years, only 
half the quantity or one eleeper in thirty is renewed, the 
supply tor the third year must be double the calculated 
average. This may appear so simple as not to require state- 
ment, but it is surprising how completely these simple calcu- 
lations are sometimes overlooked ; and this eeeme no inappro- 
priate time or place to allude to matters which bo seriously 
affect that part of rwlway economy coming immediately 
under the supervision of civil engineers. From various causes, 
II i t is not always possible for engineers to carry out their 

^^^Kprks an they would themselves desire; but when it is 
^^^^baeible it certainly appears preferable to have sleepers uniform 
^^^Bi size, age, and quality, and to have them renewed, where they 
^^^Biquire renewal, en masse. This wholesale renewal would 
^^^HlBure a more uniform and regular degree of yielding under 
^^^the passage of trains. After they have been carefully packed 
and attended to, and then for some time left undisturbed, the_ 
them becomes consohdated and concreted; but 
it of every four or five sleepers be renewed, the 
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new sleeper will require aome little time and repeated packing 
before it can have acquired as solid a bed as the older 
sleepers, and till it has done so there must be a greater yield- 
ing nnder the passing load there than elsewhere, thus causing 
a local deflection of the rail and impairing the smoothness oi 
the travelling. 

If, on the other hand, all the sleepers were renewed at 
once, although for a time there would be considerable yielding, 
it would be more uniform, and consequently the train would 
run more smoothly. 

Good drainage, and therefore good ballast, assists power- 
fully in preserving the sleepers. Generally speaking, the 
eskers or gravel ridges, which form so remarkable a feature in 
the geology of Ireland, yield excellent ballast, being composed 
of pebbles of limestone and of the harder rocks. In the old 
red sandstone districts the ballast is not so good, the pebbles 
being more liable to disintegrate by exposure to weather, and 
the permanent way is consequently more costly of main- 



No attempt ia here made to estimate the life of a rail ; its 
duration depends, no doubt, on the tonnage and speed of the 
trains passing over it, but it also depends on the section of the 
rait, the description of the joint in use, the quality of the iron 
or steel, and on the manner in which the line is maintained. 
Bails cannot be expected to last well unless the renewal of the 
sleepers on which they are bedded is attended to, and the 
bedding of the sleepers themselves is kept good and even by 
proper packing and efficient dnunage. Any estimate which, 
omitting these important considerations, is based solely on the 
speed and tonnage of tnuns &ils to include all the elements 
required to insure an accurate result. 

The question continually forced upon the consideration of 
a permanent way engineer ia thi» — Wherein does the safety 
of trains travelling at speed consist ? 
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The author is must anxious, in any remarks which he aay 
offer, not only to state with accuracy any ascertained know- 
ledge, but also to admit with candour the amount we have yet 
to learn. 

The most usual practical demonstration which wo have of 
danger is the actual occurrence of an accident, and then the 
result is frequently death and injury to travellers — at best . 
destruction of pro|>erty and expense to the Company. 

As has been before said, the conditions of safety are imper- 
fectly known; the accident leaves everything disturbed; car- 
riages and waggons, and perhaps engines, broken, and perma- 
nent way torn up; and it is fortunate if nothing more ha« to 
be added to the ]ist. Those who have usually the earliest 
opportunity of looking into the immediate cause of tlie 
accident are persons in the lower classes employed by the 
Company; they know the difficulty of judging of the real 
cauBes of accidents, and the facility "with which blame is 
fastened on individuals; consequently it must frequently 
happen that the first effort of these people is carefully to 
obliterate every vestige of evidence which may possibly 
inculpate thcin as having contributed to tlie disaster. 

Nor is this to he wondered at when we consider the great 
pubUc excitement which any serious railway accident causes — 
the results are so lamentable, and the dangers attending all 
travelling are so concentrated oh these occasions, that the 
public mind is often, we might say, rabid for a scapegoat, and 
some ordinary official, who has been guilty of a culpable, but 
not extraordinary, piece of carelessness, is made to suffer as if 
he alone were responsible for every life lost. This is not 
just, and it will not improve railway management, because it 
practically results in the punishment of fiiults onli/ where tJte;/ 
produce acUoe mischief. The object with railway companies 
should be — lat. To ascertain and classify the proximate 
causes of accidents, and then to establish so strict a discipline 
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aa to insure, as far as possible, that any neglect on those 
points which lead to accidents, shall be equally punished, 

M>hether an^v evil consequence has resulted from the neglect or not. 

Some of the conditions of safe railway travelling must 
obviously depend on the mutual relations between the rolling 
stock and permanent way. That is — 

1st. The gauge of the wheels and rails must correspond. 

2nd. The surface of the rails must be maintained uniform 
and free from depressions and unsoundness ; and equally with 
the rails, the tyres of the wheels must he kept free from 
uneven wear and defects. 

3rd. On curves the super- elevation of the outer rail must 
be sufficient and uniform, and the carriage must be adapted 
to run with facility round them. 

It has sometimes been thought advisable to lay rails rather 
wide to gauge in the first instance, but the benefit of this 
may be doubted, because the inevitable efiect of the traffic is 
to spread the rails, and therefore it is better to have them 
exact to gauge at first. There is not, however, so much risk 
as is sometimes imagined in having rails considerably wide to 
gauge. It may be seen by the figure (Plate III., Fig. 1), 
that with correct and unworn tyres the gauge might be as 
much as 2^ inches wide without risk of the wheel dropping 
inside. 

In Fig. 2 the six wheels of a carriage are shown on a 
sharp curve. It will he seen by this, that while the outer 
flange of the central pair of wheels is away from the rail, the 
flange of the leading wheel No. 6 will be grinding against 
the rail, if the axle boxes fit so tightly in the axle guards 
as to keep the wheels in a straight line (as shown in the 
figure). If, however, there is some play allowed, the wheels 
accommodate themselves to the curve in the manner shown 
in Fig. 3, and the grinding of the leading flange on a 
sharp curve is diminished, and with it the risk of a carriage 
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Uimmg off the line. ObseiTe, however, that in the dingrame 
the scale is exaggerated, in order inoi-e plainly to illustrate 
the mechanical action which takes place. The curvature, 
even on sharp curves, is really very alight for the ordinary 
wheel base of a carriage; but, nevertheless, the aclion which 
we have endeavoured to explain is not without its effects, 
and must not be overlooked. How far this play in the 
bearings of carriages and engines may be desirable in other 
respects is a question for mechanical engineers; bat an 
inspection of the diagram will, as it seems to us, at once show 
the practical advantage that must result from a good system 
of radiating the axles to the centres of curves. 

A good many years ago the author bad an opportunity of 
eeeing this carried out, as it appeared, very successfully on 
the Paris and Sceaux Railway. He has not since seen or 
heard anything of the line, but it is rather a matter of 
surprise that the ingenuity there shown has not some more 
practical fruit. 

There is another matter so closely connected with perma- 
nent way that it ought not to be passed over unnoticed — that 
is, the tendency in running round curves for the axles of 
wheels to become twisted. The outer wheel running round 
the outer rail of a curve, and having consequently to travel 
over a longer distance, would, if rotating freely on its axle, 
])erform a greater number of revolutions than the inner wheel, 
but both wheels are keyed on the axle, and they cannot, 
therefore, rotate freely and independent of each other, and 
thus two sets of rotating forces are generated in the wheels, 
acting in the same direction indeed, liiit unequal, nnd their 
resultant is torsion of the axle 

It is evident that if the wheels were c^apable of revolving 
OH their axles independent of each other, so that the outer 
wheel were free tn perform as many more revolutions as the 
dditin^al Irnglh of rail which it hnd to traverse required, the 



risk of t\viating and consequent fracture of axle would dis- 
appear. This also is a question for mechanical engineers, but 
the fracture of axles ia so frequent that it nsaumcs great 
importance. 

The amount of super-elevation to be given to the outer 
rail in curves, also requires careful consideration. Simple 
formulie have been devised for calculating what this should 
be, but no formuloB can meet all the circumstances which arise 
in practice, because a nde which is correct for trains travelling 
fifty miles an hour is incorrect for trains travelling only 
twenty. 

It appears, indeed, that accidents arising from trains 
running off at curves are not frequent, and the author ia 
disposed to think that an excess of super-elevation in sharp 
curves is more likely to lead to accidents than a deficiency. 
To explain; — take, for instance, the four wheels of a carriage 
nil a sharp curve, as represented in Fig, 4. If the rails 
are of even height and the carriage at rest, the weight with 
which each of the wheels bears on the rail will be the siimc. 
If, however, the outer rail is elevated, the weight is thrown 
more on the inner wheels, 1 and 3. 

If the super- elevation of the outer rail is correct for a speed 
of fifty miles an hour, then the vertical pressure would be 
again the same on al! four wheels when the carriage travels at 
that speed. As before observed, there is a tendency in the 
flange of the outer leading wheel, No. 4, to grind against the 
rail, and the force counteracting its consequent tendency to 
mount the rail is the pressure upon it. But if — the super- 
elevation being for fifty miles an hour— the actual speed is 
only twenty, then the pressure on the outer wheels is 
diminished, and that on the inner wheels increased, and the 
tendency of the outer leading wheel No. 4 to mount the rail 
and run off, has less to control it. 

And if besides this, from an ill-packed sleeper, a worn rail, 
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r defective tire, or any other cause, n further and sudden 
depreasioQ happens to occur at the inner trailing wheel, 
ndditional pressure must be thrown on it, and taken olT the 
<mter leading wheel, thereby further increasing the risk of J 
its mounting tlie rail. 

For these rcasona, I am disposed to think that the super- 
elevalion of the outer rail in curves ought to be for something 1 
below the avernpe speed. 

It may not be out of place here to give a short account of a 
accident wliich occurred to a goods train, and came under th 
immediate observation of the author (Plate IV). 

The general result of the accident was that, out of iv train 
consisting of twenty-six waggons and two vans, sixteen I 
waggons, aa shown in the figure, got off the rails. After the ] 
line had been cleared, a cai'eful examination of the indications ! 
of the accident was made. The results were, briefly, aa , 
follows: — 

There were marks of one or more pair of wheels being off 
the line for over two and a-iialf miles from the place where 
the train ultimately broke down; but the first indication of a 
waggon having been off was extremely slight, there being i 
only the mark of one flange, and that very light, indeed, on the ■ 
sleepers close to and inside of the right hand rail. This light 
mark of the right hand wheel continued in the same position 
for about three quarters of a mile, when it suddenly got 
heavy — its position was altered — and marks of the left hand 
wheel also appeared (for the first time) outside the left hand I 
rail (see Fig. 1). After this the marks continued heavy, and 
tliere was evidence of more waggons having got oflT to where 
the train ultimately broke down. 
■ It appeared very remarkable that for the first three quarters 

ft mile the left hand flange should ha^'e left no mark what- 

fer, so careful mcasureuients were made, from the mark of 
right flange, to :iseertain where the nlher would be. 
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correct to gauge, which tliey were 



suppose the wheels were 
found to be after the accident. These metis urementg showed 
that (he left band flange would come on the top of the left 
hand rail (see Fig. 2) ; but thiu made the matter still more 
difficult to explain, because it appeared almost incredible, 
aupjwsing the buifera of the waggons to he free, and the train 
connected and drawn along by the coupling chains, that thia 
left hand flange could have maintained its position on the top 
of a narrow rail for three quarters of a mile. Besides this, 
why were the marks of the other flange so light aa in eome 
cases scarcely to have marked the sleeper? It waa necessary 
to look farther for an explanation, and that which appears the 
true one is as follows:— The section (see Fig. 3) shows the 
gradients at the place whore tlie first mark occurs; the line 
curves to the right. There is drawn on the section that 
which, according to conjecture, must have been the position 
of the train at the time the first derangement occurred. 

The sixteen waggons which ultimately all got off the line 
are croas-hatclied in the Plate, 

In the hinder part of the train the waggons were heavily 
laden with sacks of flour and com. Moat of the waggons in 
the front part of the train were also heavily laden; but there 
were in the centre two or three lightly-laden waggons mixed 
with heavy ones. 

There would, therefore, be an irregularity in the height of 
the buffers, those belonging to the heavy waggons being lower 
than those belonging to the light waggons. Thia irregularity 
would be increased if the heaiy waggons were old and the 
light ones new- 

The conclusion arrived at is, therefore, aa follows: — The 
train being in the position shown in the drawing, the speed 
of the engine and forward part of the train had become some- 
what checked by the ascending gradient, while the hinder 
part of the train, with its heavy load, was still in full swing 
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i^SToown the deaceDcling gradient; thia causetl a sudden closing 
up and squeezing of the buffers — it might almost be described 
aa a citllision in the train itself; and in the course of thia the 
front buffers of a heavy waggon got under and lifted the left 
hand hind buffer of a light waggon in front of it, which thus 
got jammed in that position (see Fig. 4) ; the whole weight 
of the body of the light waggon was thus borne by the heavy 
waggon, and the left hand trailing wheel mounted the rail 
(being pushed on to it from behind), and there hung in the 
ajtle guardj just touching the rail. The right hand trailing 
ivheel dropped Inside the rail and left tlip light marks which 
ivere seen— light beaiuae the wheel was relieved from the 
weight of the waggon. Iti this position the tr^n went along 
up the indine and for three quarters of a mile until the buffers, 
from some cause, got free of each other, when the body of the 
waggon dropped on the wheels; the left hand wheel at once 
slipped off the rail and the marks thenceforth beoame of 
course strong; after this moz^ waggons got off, till eventually 
the tnilo broke down, 

I'he deductions the author draws Irom what is above 
described are: — 1st. That when two descending gradients 
meet, it is necessary to have a sufficient length of horizontal 
rail for the train to steady itself after its descent and before 
beginning its ascent ; and 

2nd. That the mixture of light with heavy waggons in a 
long goods train is objectionable on account of the inequality 
which it causes in the height of the buffers. 

On the following page is a record, in a tabular form, of the 
cost of maintenance, during the last four years, of some lines 
imdcr the author's supervision. They have been put in the 
form now required by Act of Parliament, but condensed; and 
although four years is far too short a period to get fair ave- 
rages, the record will possess some value ; and if others who 
have (he oppoitunit.y would contribute similar information. 
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|, a few years some valuable statistics might be collected 
■through the instru mentality of this Institution. 

Before bringing these notes on Permanent Way to a conclu- 
sion, there ia another matter wliich requires some special 
observation — the management of men. Wages form so 
large an item in the general expenditure of ail railways 
that, even in a pecuniary point of view, the subject is of high 
importance. When workmen are collected together in one 
place, or within a short distance of each other, careful super- 
vision and management is compai-atively easy, but when,aa 
in railways, they are scattered over a length of hundreds of 
miles, it becomes impossible for an engineer to exercise the 
amount of personal superintendence which would be desirable ; 
and there are many causes In railway work which tend to 
make men careless and indifferent; there ia often a degree of 
monotony scarcely suited to the temperament of Irish work- 
men, and sometimes such an absence of fair promotion and 
advancement, that men of good abilities and industry become 
cureless from want of stimulus, and carelessness is the prolific 
mother of accidents. 

The duties required by all railway officials might, perhaps, 
be more efficiently performed if a system of discipline 
aio^ogous to that which exists in the army and navy were 
introduced. It is not usual for civilians, accustomed as they 
are to look to the action of civil laws and to motives of self- 
interest for the regulation of the conduct of men, to attach 
meaning to the word discipline, which, nevertheless, when 
rightly understood and practised, constitutes a great moral 
force. It is, in fact, the means by which bodies of men can 
be made to act in unison for a common object, leading them 
to consider as virtuous, conduct which conduces to the attain- 
ment of that common object, and as criminal that which 
militates against the attainment of it; and thus it becomes 
geoi't. of bastard religion, and creates a Pjieclal class of 
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virtues for a specia) object — with armies for purposes of war, 
with navies for the management of ships; but there is no 
reason why other bodies of men should not be subjected to a 
discipline suited to their occupations ; and it seems probable 
that a better study of this science of discipline in connexion 
with persons employed on railways might insure a more 
efficient discharge of their ordinary duties, and greater safety 
in the working of trains. In conclusion, the author apologises 
for the desultory and imperfect nature of his paper. He 
claims for it no originality nor scientific pretension ; but, in 
obedience to the custom of this Institution, he has endeavoured 
to lay before the meeting some few of the many topics of 
interest connected with " Permanent Way," in the hope that 
those who are better qualified will correct his remarks where 
they are in error, and improve on them should they possess 
any value. 
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1 50-TON Mabting Kheeks. By John Bailet, 
Member. 



The "Masting Sheera," the coDstruction of which ia now 
laid before this Institotion, have just been erected, for the 
Belfast Harbour Commisaioners. alongside the "Abercorn 
Basin," in that port, by the firm of Courtney, Stephena, and 
Bailey, of this city. They consist of one diagonal and two 
upright hollow boiler plate legs or slruta, or in other words, 
two front legs and one back (Plates V., VI., VII.). The 
front legs are each 105 feet (i inches in height from centre to 
ceDtre of pins, 32 inches in diameter in the centre, tapering 
" to 16 inches at the ends. The thickness of the centre plates 
for a length of 60 feet is |-inch, and the remaining plates at 
either end ^'j.-inch. They are butt-jointed endways, with 
ffiternal and internal cover straps ; the external being 7 
inches by J-inch, and the internal 7 inches by J-inch (Fig. 3). 
The vertical joints are lapped, and single rivetted with 
|-inch rivets. Massive cast-iron shoes and caps (Fig 3) are 
loosely fitted to the top and bottom of each leg, care being 
taken that they butt well home. Four wrought-iron keys 
are then fitted and driven between each casting and the legs, 
the intermediate space being fitted with iron boringa or hard 
wood packings. Through the cap castings is passed a, 
wrought-iron pin d^ inches in diameter at the centre, and 
6 inches at each end, fixed by means of cotters and washers, 
i The shoe castings work between heavy-jawed basepliitca, 
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on a 4-inch wrought-iron pin. The back leg la 132 feet 2 
inches in length by 3 feet in diameter in the centre, by -fg- 
inch in thickness, and 18 inches at the ends by f-inch in 
thickness. 

The transverse outside butt strips are 1 2 inches by ^-inoh, 
and the inside ones 12 inches by ;J-inch. To each end of this 
leg is rivetted suitable strap forgings (Fig. 3), having two 
wroQght-iron hoops 9 inches by i-iuch shrunk over all ; 
through the upper forging is passed the pin that secures the 
front legs together, and the lower one (Fig. 4) takes hold of 
a forged crosshead, through which passes a wrought-iron- 
equare-cut screw 41 feet 6 ioclies in length by 6^ inches in 
diameter by 1| pit-ch, supported in the centre by a caat-iron 
rocking bearing; this screw has seven thrust collars at the 
end, and works in a large cast-iron bed, held down to the 
masonry foundation by twenty-aix 2-inch holding-down bolts. 
Wrought-iron slabs or caps are fitted and secured to the top 
part of this bedplate by the holding-down bolts and inter- 
mediate ones attached to the flange of the casting only; these 
bolts are placed doaor together, being only 8 inches asunder, 
on approaching the outer end, aa the strain, of course, is 
greatest there, or entirely on them ; whereas they are relieved 
of all, except a alight sheering strain, when the legs are run in ; 
the bolts are therefore 2 feet 4 inches asunder at this end, a 
brass nut 12 inches in length by J of an inch in thickness work- 
ing directly along the main screw. Each end of this crosshead 
has a trunnion turned upon it (Fig 4), and on these trunnions 
and outside the strap forgings are two cast-iron sliding blocks, 
run with white-metal in dovetail grooves ; the bottom of 
these blocks rub on a projection of the oast-iron bedplate. 
The screw is actuated by means of a pair of spur wheels 
2'3 to 1. The pinion, which is keyed directly to the engine 
shaft, is 1 1 inches in diameter by 5 inches wide, by 2^inch 
pitch, and has sixteen teeth. The wheel, which is keyed on 
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1o the end of the screw, is 344 inches in diameter by 5 inches 
on face by 2^ inches pitch, having forty-eight teeth. When 
the screw revolves, the back leg travels either backward or 
forward along its entire length at the rate of 13 feet per 
minute, thus altering the angle (75° when run out) of the 
sheers. This screw is actuated by a pair of horizontal direct- 
acting, high-pressure engines of 18 H.P. collectively, having 
cylinders 12 inches in diameter by 15 inches stroke, the 
pistons running at about 200 revolutions per minute, and 
fitted with link motion, moved by a spring-catch reversing 
lever. The boiler is of the ordinary Cornish type, 5 feet 3 
inches in diameter by 17 feet 6 inches in length, with a 
centre tiue 2 feet 6 inches in diameter the entire length ; it 
lias outside angle irons and three gusset stays at each end, 
and l^inch through stay. 

The winch or hoisting ban-el (Fig, 5) is placed immediately 
in front of the bedplate, and is 3 feet in diameter by 7 feet 
3^ inches in length, with a spiral groove cast in to suit the 
ch^n ; its weight is 4 tons 3 cwt. A wrought-iron shaft, 3 
inches in diameter by 10 feet 6 inches in length, swelled to 5 
inches and 3J inches at the ends, is passed through and firmly 
keyed to same, supported by two cast-iron brackets firmly 
bolted to the foundations by five 2-inch holts in each. To 
one of these brackets is attached a small casting, forming a 
bath of oil, with a wrought-iron worm revolving in it (Fig. 6) 
by means of a line of 3-inch shafting running alongside the 
bedplate, and attached to the engine shaft, by a clutch 
coupling ; the diameter of this worm is 8;J inclies by 3 inches 
pitch, single threaded, which acts upon a tangent wheel 4 feet 
4 inches in diameter, fitted and bolted to one fiange of the 
chain barrel. 

The hoisting chain ia 748 feet in length, of the beat beat 
ehort link, 1^-inch in diameter; the upper or fixed block, 
jch ia supported from the centre pin, contains four sheaves. 
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each 2 feet by 4} inches. Three of these sheaves are used for 
heavy lifta, with five falls of chain ; the remaining one is used 
for lighter lifts, with a separate running block and only two 
&Ub of chain 376 feet in length. 

The erecting, which is at all times rather a dangerous 
operation, was carried out thus: — The three legs were laid 
1 the ground over the site they were to occupy, and the 
bottom shoes {A A, Fig. 7) fixed to their bedplates; the ends 
of the front legs were then slipped loosely into the bottom 
A jmir of monkey sheers, about 50 feet in height, 
were then erected between the caps of the front legs and the 
main surging barrel. On these were rigged a set of 25-ton 
blocks, taking a 7-inch rope, the bight of which waa passed 
along to the 10-ton crab winch, W, By this means the 
sheers were lifted bodily to the height of about 45 feet. We 
then connected a double set of 8-ton purchase blocks to the 
far end of the back teg, one set on either side, using 5-inch 
ropes in preference to chains, the falls of which were carried 
to the 5-ton crab winches, CC. 

To prevent the thrust on the quay walls at the points AA, 
a chain was ]iassed round the bedplates and the hoisting blocks 
attached to it, thus tying all the three legs together. A 
timber slide or slipper, well greased, was fixed for the back 
leg to travel along. The author is happy to say all went 
smoothly after the monkey sheers were removed, and the 
time occupied in hoisting was about eight hours. 



PORTLANU CEMENT. 



BiNDON B. Stonet, President, 
III the Chair. 



B fAe Application o/ Portland Cement to Maeine 
W0BK8. By the President. 

Op the various inventione which have been maAe in the arts 
of Construction within the last half century, there are few that 
can compete in importance or extensive application with 
Portland cement, so named from its resemblance to the well 
known Portland stone. For this invention we are indebted 
to a bricklayer of Leeds, in Yorkshire, named Joseph Aspdin, 
who took out a patent for artificial atone on the 21st of 
October, 1824, which he thus describes :■ — 

" My method of making a cement or artificial stone, for 
stuccoing buildings, waterworks, cisterns, or other purpose to 
which it may be applicable (and which I call Portland cement) 
is aa follows: I take a specific quantity of limestone, such as 
that generally used for making or repairing roads, and I take 
it from the roads after it is reduced to a puddle or powder; 
but if I cannot procure a suflScient quantity of the above from 
the roads, I obtain the limestone itself, and I cause the puddle 
or powder, or the limestone, as the case may be, to be cal- 
cined. I then take a specific quantity of argillaceous earth or 
clay, and mix them with water to a slate approaching impal- 
pability, either by manual labour or machinery. After this 
jiroceeding I put the above mixture into a slip pan for evapo- 
tther by ihe heat of the sun or by submitting it to 
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the action of fire, or eteam conveyed under or near the pan, 
till the water la entirely evaporated. Then 1 break the said 
mixture into suitable lumps, and calcine them in a furnace 
siioilar to a lime-kiln till the carbonic acid is entirely expelled. 
The mixture ho calcined is to be ground, beat, or rolled to a 
fine powder, and is then in a fit state for making cement or 
artificial stone. The powder is to be mixed with a sufficient 
quantity of water to bring it into the conaiatency of mortar, 
and thus applied to the purposes wanted." 

The cliaracteriatic of Aspdin'a- invention is that lime and 
argillaceous clay, both in a state of very minute division, are 
intimately mixed together in certain proportions, then dried 
and calcined, and finally ground to powder. Aspdin, however, 
working with the materials at his disposal, calcined the lime 
in order to reduce it to a sufficiently divided state before 
adding the clay, whereas the ordinary Portland cement of 
commerce is now made of chalk and clay ; and as the chalk 
can be reduced to a fine powder without previous calcination, 
the expense of double firing is saved, and the manufacture 
much simplified. Besides the artificial Portland cement 
(manufactured in Great Britain chiefly on the banks of the 
Thames and Medway, where the raw materials are abundant) 
there are natm-al cements, largely manufactured from natural 
marls containing about 30 per cent, of clay, in which the 
combination of calcareous matter and clay is apparently more 
perfect than in the artificial mixture, and might therefore, 
perhaps, lead us to expect bett«r results. With very few (if 
any) exceptions, however, the best class of artificial Portland 
cement is stronger than that made from natural marls, perhaps 
from the composition of the latter being variable, or from 
some more obscure cause — and the author therefore confines 
his observations to the ariifii'ial cement made of chalk and 
clay. 

There are two methods of making artilicial Piirtliind cement. 
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mely, the wet and the dry method; in the former the 
ingredients are mixed with, the aid of water, in the latter 
without water. The wet method is that adopted in England. 
The dry method hag been tried on the Continent, hut wilh 
what results the author ia unable to atate. 

The first process in the manufacture of artificial Portland 
cement by the wet method ooneiata in the due mixture of the 
clay and chalk, which is generally effected in a circular wash- 
mill shaped like a huge tub, with a central upright axis to 
which are attached horizontal arms carrying vertical knives, the 
rotation of which etira up and incori)orates the materials with 
water, till the whole is reduced to the consistency of cream. 
This operation la probably the most important one in the 
whole manufacture, as the success of the result mainly depends 
on rhe care taken in duly proportioning and thoroughly 
incorpomting the chalk and clay in a veiy finely-divided state. 
The usual proiKirtions are from 3 to 4 parts of chalk (accord- 
ing as it is the white or grey chalk), with one of clay, by 
measure ; and both ingredients should be as free as possible 
from sand or vegetable matter. The clay should be the 
allurial clay of lakes or rivers, in a state of minute division; 
and long exposure to the air should be avoided, as this has 
been found to injure its quality for artificial cement. 

From the waah-mill the creamy mixture flows into tanks or 
reservoirs in the open air, which have an area of several hun- 
dred square feet and are about one yard deep. Here the 
washed stuff is precipitated, and the clear water allowed to 
run off through suitable sluices, leaving a pasty mixture, 
whicli, after being partially air-dried, is cut into lumps and 
wheeled to the drying ovens, from which again it passes to 
the kilns, which are of a circular form, somewhat resembling 
an ordinary lime-kiln, and worked on the intermittent principle 
with coke fuel. Here again much attention ia required, for if 
washed material has too large a proportion of clay a 
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smaller quantity of fuel ia required, and it is to be feared t 
this tempts aome manufacturers to overdose with clay, whioh 
generally produces a quick-setting, but weak, cement. On 
the other Land, it is scarcely possible to overburn cement in 
wluch the proportion of lime ia excessive. An excess of lime, 
however, renders the cement (especially if fresh from the 
manufacturer) liable to crack — no doubt from the free quick- 
lime throughout the mass swelling subsequently to the process 
of setting. For this reason it ia generally advantageous for 
engineering works to keep the cement some months in store 
before using it, though plasterers are siud to prefer ihe fresh 
and quicker-setting cement. 

Tlie temperature of calcination should be very high, ao that 
the cement may agglutinate and arrive at the limit of vitrifi- 
cation. In this respect the calcination of Portland cement 
differs easentially from that of Roman and aome other natural 
cements which are injured by being brought to the verge of 
vitrification. Some writers think that the sole duty of the 
kiln is to expel the Ciirbonic acid from the mixture of argilla- 
ceous matter and lime ; there can be little doubt, however, that 
the chemical combination of the lime, alumina and ailex is par- 
tially effected in the dry way during the burning, and that it is 
subsequently carried on and completed by the agency of 
water; and if thia be the ciiae, the analysis of a cement atone 
after calcination should show the commencement of this pro- 
cess, by the presence of some silicate of lime and aluitiina. ' 
It should, however, be kept in view that a most essential con- 
dition of the paate in the reservoirs ia that, its composition be 
quite homogeneous, otherwise the portions richest in silex 
would fuse and form silicates which could not enter into combi- 
nation with water ; and this agrees with the fact that the st^te 
of incipient vitrification appears to be the proper liinit of calci- 
nation. Highly burnt cement ie denser than ordinary cement 
and density is almost invariably an indical ion of strength . First- 
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ility cement must therefore be hiyhly burnt; but as the 
extra cost of the fuel is not more than one to two shillings 
per ton of cement, this should be no obstacle to Us production 
when cement of high tensile strength is required, equal to 
engineer's test. The produce of the kiln, when made from 
properly mixed materials and carefully burnt, will be a cbnker 
of a dark greenish- black colour, and reduced to about one-half 
the original weight. Sometimes a large proportion of dust is 
formed along with the semi-vitrified clinker; this dust, when 
mised with water, will be of a bad colour and deficient in 
tensile strength. 

When suflScitntly cool, the contents of the kiln are crushed 
and reduced to small lumps and finally ground between 
horizontal stones, like those used for grinding corn. If the 
cement is not ground sufficiently fine there will be a large per- 
centage — in many cases far exceeding 10 per cent. — of coarse 
unground particles, which are inert in the making of mortar 
and act apparently like so much additional sand. This hard 
granular portion, if finely ground, will set like the rest. It is 
probably the very cream of the cement, as it will bear a high 
tensile test if ground fine. In the granular form, however, 
it does not set, and counts therefore for notliiug as cement, 
and ia so much waste to the consumer, who thus loses a por- 
tion, which the author has not accurately ascertained, but 
believes considerably to exceed 10 out of every 100 tons 
■which he buys from the manufacturer. Far too little attention 
has been paid to this matter of pulverization, for not only ia 
the loss in weight very serious in itself, but this useless portion 
is the heaviest, and probably therefore most valuable of all 
the cement. In America the usual practice seems to be to 
grind their cement much finer than in England, so much so 
that not more than 8 per cent, of a cement should bo rejected 
by a sieve of 6,400 nieahes to the square inch. It is pro- 
babk', however, thrtt the American cements, produced from 
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natural cement atonp, are more easily grounil thim artificial 
English Portland cement. 

To enumerate brieily the properties of Portland cement. 
Its colour ia a, etnne grey, with occaaionally a slightly greeDiah 
tinge. BiiiF-coloured cement ia almoBt invariably weak, and 
owes its colour probably to an excess of clay, or to imperfect 
burning. The density of Portland cement in powder varies 
from r2 to 14. It seta slowly, and contracts nearly 30 per 
cent, when mixed with water. The lime is always in excess ; 
and the following analysis by M. Bouniceau represents the 
chemical composition of cement manufactured by one of the 
leading London firms: — ■ 

Silica 20-84 

Alumina and oxide of iron - . - . 12'75 

Lime, free, or combined with some carbonic acid 4()5 

Lime in combination - . - . . (iO-47 

Sulphate of lime 1-89 

lOO'OO 

The composition varies slightly, and the silica may reach 24, 
and the lime in combination diminish to 54 per cent. We 
may, however, generally assume that London Portland 

cement contains about 65 per cent, of lime and 20 of silica, 
and that the remainder is chiefly alumina; it also contains a 
little oxide of iron, magnesia, and sometimes 3 per cent, of 
alkalies. Indeed it ia probable that all cements contain some 
soda and potash, derived from the argillaceous matter. 

Portland cement is especially valuable in engineering opera- 
tions, as it ia less hygrometric and it will keep longer and 
bear transport better than other cements. It hardens "either 
in air or in water, and it resists frost and atmospheric changes 
well. Even after being partially set, it may be worked up 
again, though the practice ia not recommended, and as it 
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Eftkto long to eet when made into mortar, !t Hoes not require 
any peculiar skill on the part of tlie workmen. It bears a 
far larger burden of eantl than hydraulic lime or Roman 
cement, and even when much dearer per ton than the former, 
it will frequently be found cheaper in reality, as it may be 
mised with from two to three times as much sand. It is ex- 
tensively applied to architectural ornamentation, and many of 
the finest modern dwelling-houses in the west end of London 
owe their handsome appearance to Portland cement stucco. 
The shipbuilder, too, largely avails himself of Portland cement 
for plastering the inside of the bottoms of iron ships, whereby 
bilge warer, dirt, ashes and other corroding matters are pre- 
vented from coming into contact with the iron. In addition 
to its density, Portland cement is usually tested by tearing 

asunder small bricks of an T ehape — the section at the 
centre being 1^ ineh square, that is the area equals 2^ square 
inches. The standard which the author requires is that the 
cement shall weigh 112 lbs. per bushel, equal to 87^ lbs. 
per cubic foot, in the dry uncompressed state of powder, and 
that its tensile strength shall not be less than 350 lbs. per 
square inch of section after seven days' immersion.* 

MANDFACTURE OP CONCRETE AND MORTAB. 
We shall now proceed lo consider some of the ways in 
which cement is used, and first and foremost uoncrete demands 
our attt-ntion. To understand the quiilities of concrete, we 
should bear in mind that mortar is a mixture of Hiiie or cement 
with sand, while concrete is a mixture of lime or cement with 
gravel, or with broken stone and sand; and as gravel is 
composed of sand and pebbles intermixed, we may make 
concrete by mixing common mortar with pebbles or broken 

• The reader will End innch omEuI inforowtion on limes and pements in Gil- 
"PrftCtical TrentiBe im Limes, Hjdrauiio Cetiients, and MnrtarK," nnd 
kBria on l!.« •' MMiiiUctiir- of Portland Cement." 
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stone ; and this method is Bometimes adopted, though it 
)ia8 the disadvantage of requiring somewhat more manipu- 
lation than the ordinary plan of mixing all the ingredients 
in the dry state first and then tempering them with wat«r. 
Regarding concrete, however, in the aspect of common mor- 
tar mixed with pebbles, we get an adequate conception of 
its properties. It is, in fact, rubble masonry, the stones of 
which are much smaller than in ordinary nibble work, and 
the theoretic mode of making concrete woidd be to take a box 
full of pebbles or small stones and fill in all the voids with 
mortar. If we carry this idea out further, we may view 
mortar as a mass of sand, i. e., very small stones, with all the 
interstices filled up by lime or cement paste. Practically, we re- 
quire a larger proportion of mortar for concrete, and of lime or 
cement paste for mortar, than this theoretic view of the matter 
requires, for it ia important that each pebble or grain of sand 
should be completely coated with a layer of the cementing 
materia], and to ensure this and make amends for irregular 
distribution of the ingredienta, we put in a greater proportion 
of the finer materiala than theory demands. Concrete may 
vary in quality from coarse mortar to small rubble, the 
quality being generally determined by locality and the greater 
or less facility of obtaining suitable coarse ballast, as well aa 
by the nature of the work ; but whether the ballast be fine or 
coarse, it ia very essential that it be free from loam and 
organic matter. 

Where machinery is not used for the manufacture of con- 
crete, the author finda the following the moat suitable method 
of ensuring the proper proportions and careful mixture of the 
ingredients. The ballast is harrowed into a tray of rough 
deals without ends, generally of the following dimensions : — 
length 20 feet, breadth 6 feet, height of sides from 2 to 4 feet. 
When the tray is filled with ballast, a straight edge ia passed 
along its top sides, so aa h> reduce all the ballast to the same 
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1 aa tlie tray, and battens of definite thickuees arc then 
kid OQ the top sides to gauge the due proportion of cement, 
which ia spread above the ballast — its surface being levelled 
with the straight edge as before so as to agree with the upper 
surface uf the battens. Thus, if the tray be 3 feet high and 
the battens 6 inchea deex*, the proportion of cement to ballast 
will be 6 to 1 ; if the batt«na be 4^ inches deep, 8 to 1, and 
so on. Two men theo face each other at one end of the tray, 
uid turn its contents over from end to end, thrusting their 
shovels along the floor of the tray. By this ai'rangenient the 
ingredients are mixed in the dry state with tolerable uni- 
formity and the men begin agmn at either end, incorporating 
the mixture with water thrown on from a bucket by a third 
man, in the same manner as mortar is mixed by hand. In 
some cases where time presses, the two first men, after gaug- 
ing the concrete roughly with water, pass it on to two other 
men, who give it another tossing and then throw it into the 
foundation pit or wherever it may bo used ; and here it is 
chopped with a shovel and tamped to make it He close, or 
(what is found to answer esceedingly wellj a man witli heavy 
boots treads on it, so as to compress it and squeeze out 
superfluous water which rises to the surface and flows oft'. 

Besides good materials, two things are requisite tu make 
good concrete, let. Water should not be used too freely, 
and this requires careful supervision, for a large addition of 
water diminishes the labour of turning over the stifle mass and 
therefore there is a great temptation to the workmen to use 
more than is necessary. 2nd. The ingredients sliould be very 
thoroughly incorporated, so as to make a homugeneous mass, 
and this (being very hard work) is apt to be badly done unless 
the labourers are very carefully watched. On this account 
machinery is preferable to hand labour, and several concrete 
nails have been invented. One of these, which the author 
iome years since and has used with very great sue- 
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cess indifferently as a concrete or a morbir mill, may be 
described. Plate VIII. repreBcnta this macluQe. It coneiata 
of an open trough made of cafit or wrought iron, 7 to 8 feet 
long, and 3^ feet wide. The lower portion is aemi-cireular in 
cross section and tKe sides above are alijflitly splayed out- 
wanls. Through the centre of the trough passes & wrought- 
iron shaft, 3J inches square, in which adjiiatable blades of 
wrought iron are inserted, the blades being so arranged that 
they may have a tendency to screw tlie concrete forward as 
the shaft revolves This can be adjusted at will by turning 
the blades on their axes, eo aa to increase or dimiuish their 
pitch. The travelling movement is also accelerated by 
inclining tlie trough in the direction of its length so that it 
may have a fall or slope downwards towards the deli^'ery end. 
The motion may be communicated either by a belt or gearing 
from a 3 H.P. engine. The method of working ia as follows. 
The gravel and cement are gauged in their proper propor- 
tions aa already described, in a tray alongside, and two or four 
men shovel them, without further mixing, into the upper 
end of the mill, where the first three or four blades toss 
ovtT and incorporate them thoroughly in the dry state. Water 
is gradually let on from a rose placed about one-third of the 
length of the trough from the upper end, and from that to the 
delivery end the mixture of the three ingi'edienta — gravel, 
cement, and water — is perfected ; so that the mortar or con- 
crete as it comes out is quite uniform in colour, and the mass 
homogeneous in appearance. The result is exceedingly satia- 
factory: the machinery is of the simplest character; alt the 
operations are open to view, and the friction is far less than in 
the ordinary pug mill. Aa the ends of the blades wear down 
after several months' use and become shorter, a small inter- 
val is left all round between them and the inside of the 
trough. This becomes filled with mortar, which sets hard 
and forms a lining to the trough, ])reserving the latter from 
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. and when the ends of the blades are reoewcd alter 
feral months' use — which is simply effected by welding n 
1 or steel to the ends, eo aa to bring them to 
s readily cliipped 
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off and the trough restored to its original condition. The 
great advantage of thia machine over hand lahour coneistd in 
the facility of mixing the ingredienls thoroughly and with a 
biubU amount of water. It never flags, and requires little 
watching, whereas labourers are apt to add an excess of water 
to relieve the labour of turning over the tough maa«, or they 
add water in irregular quantities, and unless very carefully 
looked after, the mixture will he imperfectly made, and the 
mass resemble half- tempered mortal'. Other machines have I 
been applied to the manufacture of concrete — such 
revolving cylinders, inside which the concrete is tumbled 
about till it gradually works its way to the lower end ; and 
cuiiously constructed boxes, into which the dry materials are 
fir.-t thrown through a door and afterwards sluiced with water, 
when after a certain number of revolutions the box is opened 
and the concrete taken out. The author has not used thia : 
latter machine, but from its operation being so frequently i 
interrupted and so much time being lost in filling and I 
emptying it, it must necessarily be less economical than 
the horizontal mill, in which the action is continuous without 
I any inteiTuption. 

^^^A As already stated, this concrete mill is equally efficient for 
^^^■kking mortar. Indeed the author ventures to think it far 
^^^Beferable to any of the ordinary mortar mills, especially the 
^^^Bui with edge runners, which tend to grind and triturate the 
^^Hiiad, thus reducing its sharpness and doing useless work. In 
^^^he manufacture of hydftitilic mortars the correct mode of pro- 
cedure seems to be : (1) To have the lime or cement finely 
fo incorporate the sand and lime in the dry 
temper the mixed materials as i-opidly as may 
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be with a moderate amount of water. When the lime is not 
I)reviou8ly ground, and when therefore lumps occasionally 
occur in it, the edge runners have the merit of crushing these 
lumps, and thus rendering the mortar homogeneous. In this 
case only does the runner mill seena to present any advantage 
over the horizontal mill, while the latter is far simpler, cheaper, 
and more rapid in its operation, as when properly served, it 
is capable of turning out as much as 10 cubic yards of concrete 
or mortar per hour. 
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[December IH, 1871.] 

B. B, Stonev, President, 
In the Chair. 

t the WoTTON Light Bailwat. By Measrs. Lawford 

and HAT7GHTON. 

Kead by Professor Downing, Vice-President. 

HIS nulway was coDStructed in 1871 by the authors for 
His Grace the Duke uf Buckingham and Chandoa. It ia 
seven miles long, and effects a junction with the Bucking- 
hamshire Riulway at Quainton Station. The latter rwlway 
belongs tD an independent company, and is worked by the 
Great Western Railway Company. 

The railway consiets of a main line from Quainton to a 
point not far from the village of Brill, of 5^ miles long, and 
of a branch of 1^ miles long, joining the mtdn line close to 
Wotton Mansion, and ending at Moate Farm. The whole 
line is constructed on land belonging to His Grace the Duke, 
save in the case of one or two fields. 

The sleepers are longitudinal, t!" x 6", and about three- 
fourths of the lot are of that description of Norway timber, 
known in London as " die square ;" as well as being out from 
whole trees, tlie quality is extremely tough ; it is creosoted 
with 8 to 10 lbs. weight of oil per foot cube, and was 
delivered at Quainton at Is. lOd. per foot. 

The transoms are 4"x6", and have been generally cut 
from the waste elm and other timber of the demesne, and 
have been pickled in a solution of corrosive sublimate, which 
latter process so hardened the wood that it was found difficult 
to di-ive the tie-rod staples. All timber used on the estate 
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for purposes of" construction is prepared in this way, by 
special wish of His Grace the Duke, whose experience of it 
is favourable. The longitudinals are connected at tlieir ends 
by flat iron dowels, S^" X'2^"xy, driven in edgeways, two 
to each joint. The gauge is preserved by the transoma being 
secured iu position by wrought-iron tie rods, having nut and 
washer at each end, the connexion between transom and 
longitudinal being a plain butt joint, there being one tie rod 
to each transom, to which the rod is held by two staples. 

The ballast is 15" deep, 9" of whieii is "bottom baliaat" — 
it consists in part of rough gravel, obtained at a few miles 
distance — and in part of "burnt ballast" prepared on the 
spot, the ground here being the Oxford clay, full of fossil 
ostreas of large eize. 

The line is practically a surface line, its few cuttinga and 
embankments in no instance exceeding 10 feet in height. 

There are no bridges, all the roads, five in number, being 
passed by level crossings. 

The culverts ai'e of earthenware pipes; the drain pipes 
are of the same material, but of lesser diameters than those 
used for the culverts. 

The fencing consists of hurdles made from waste timber 
grown in the demesne woods, and is of a common and 
primitive description, having cost about Is. per yard forward. 

The rsuls are of the bridge pattern, weight 30 lbs. per 
yard, and were rolled by Messrs. Townsend, Wood and Co., 
Britton Ferry, South Wales; the price was £8 is. 6d. per 
ton delivered at Quainton Station ; they are fastened to the 
sleepers by fang bolts ; a fishing piece of oak, 8 inches long, 
connects each pair of rails at the ends ; it is fitted into the 
boUow of the rails. 

The fi" X 6" longitudinal sleepers and 30-lb. rail, fastened 
together by fang bolts, makes in practice a way sufficiently 
stiff for the work done ; the bearing surface is found to be 
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Riple for tlic raaximum load pulled, which id tJieoreticnlly 
M>( to exceed 2^ tons per wheel. The waggons iire tliode in 
Insr; am on the English milwiiys, say uf 3^ toos weight 
"average, and carryiag (i ty 7 toiid of freight each. As a 
matter of fact, waggons weighing over 5 Ions cacli, and 
carrying 10 tona of coal, do occasionally run over the line, 
showing neaily 4 tons of weight per wheel total, instead of 
the theoretic 2^ tona. 

The gradients are excellent and the curves filir; the 
steepest gradient is 1 in 60 for a length of a quarter of 
a. mile, the rest vary from 1 in 100 to 1 in 800. 

The coat of the railway was £1,400 per mile, exclusive uf 
iand- 

The revenue at prcsunt is about £50 per week. 

The tratKc, so far, is chiefly in goods, coal, chalk for the 
fannd, and agiicultural produce generally, including felled 
timber; jMissenger traffic hardly can be eaid to exiat. 

The haulage for the firat yeaj- waa done by horse-power, 
but is now conducted by Aveliug and Porter's (Rochester) 
locomotive engines, speed 6 miles the hour, weight 9 tons in 
steam, and having only a single cylinder, the diiving wheels 
being worked by an endless chain from the fly-wheel shaft. 

The cost of each engine, of which the number found 
necessary is two, was £360 delivered at Quainton. 

Before the Introduetion of the steam engine two horses 
could pull three ordinary loaded waggons over any part of 
the hne, except on the gradient of 1 in CO, upon which two 
horeeB could pull but one waggon. 

The Duke would not allow any gauge to be adopted but 
that of 4' 8^", the standard gauge of the country. The 
heavy locomotive engines of the lines adjoining are not 
allowed to run in upon the tramway. 

The terrain of the railway is a valley of the cul-de-sac 
tvpc, Quainton Station lying at the open end, and the Brill 
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Terminus at the head of the valley, at an elevation of" about 
100 feet above Quainton. The village of Brill is at a much 
higher elevation, and lies at about three-quarters of a mile 
from the terminus. 

The railway ia axial in its relation to the valley. Wotton 
Mansion, one of the residences of the Duke, rests on the 
railway at four miles distance from Quainton, and ia sur- 
rounded by pleasure grounds, demesne, woods, and shrub- 
beries, with lakes of large size hard by. His Grace has not 
hesitated to carry the line in close proximity to the mansion, 
and it crosses two of the avenues. 

The sides and, in places, the bottom of the valley are 
occupied by the numerous farms belonging to the Wotton 
estate ; they are generally of the grazing class, each with its 
picturesquely -situated dwelling-house, offices, and plantations. 

The staple articles of production on these farms are butter 
and milk. Immediately after the completion of the rtulway 
large milk vans were placed on the route by the London and 
North Western Railway, in order to place these rich milk 
and butter producing districts in immediate connexion with 
London. Three times a week, at present, these milk vans 
are run into the Broad-street Station of the Loudon and 
North Western Kailway, only half a mile distant from the 
Bank of England. 

Hia Grace the Duke took a warm interest in the construction 
of this railway, and, doubtless, much of the economy attending 
it is due to the continual supervision exercised by himself. 

He lias, in several instances, designed the modes of con- 
struction adopted; for instance, the pattern of rail and per- 
manent way is entirely of his own choosing. He possesses 
much engineering taste and ability, and has had a large 
experience of the construction and management of railways, 
acquired during his Chairmanship for many years, as Marquia 
of Chandos, of the London and North Western Railway. 
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[Bead Jannary 12, 1872.] 

B. B. Stoney, President, 
In the Chiiir. 

Mr. Stonej' addressed the ineetiog aa foUows: — 

profeseion of civil engineering, having sprung info 

tence \fithin the present century, cannot clnim that 

eitiffe or those prescriptive rights and influence which 

jertain to the older profpssions, and the line of demarcation 

Stween the engineer and other men is so loosely defined, 

|6th by law and custom, that anyone who wishes to claim the 

lie of civil engineer may do so without clieck or remon- 

This is not a desirable condition of aflairs, and 

toagh the members of the profession themselves may have 

R ideal standard, it wants the authority and sanction which 

lertiun to the various titles of other professions. There 

however, certain marks or guarantees that a man is 

Wly a civil engineer which are now pretty well understood 

[ which are applicable to nearly all who of late years 

kve entered the profession. These qualifications are one of 

following: — (1) Holding the diploma or degree of a 

agnized school of engineering, such as those connected 

5th the universities. (2) Having been a pupil for at least 

pee years with an engineer of acknowledged standing. (3) 

ing a member of the Institution of Civil Engineers. 

I The time has gone by when practical sagacity formed the 

tie qualification of an engineer, and though there were 

ing the last generation some memorable names on the roil 

f engineers, generally self-taught men, whom great natural 

lity and special aptitude for their work had raised to pre- 

minence in their proleasion, such men would now have a 
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poor cliance of competing with their more highly educated 
brethren, who combine scientific training with practical know- 
ledge. It is, indeed, of the highest importance carefully to 
consider what is essential for the eJucation and training of 
an engineer. Hitherto it has been too much the practice to 
consider that ordinary mechanical taetea are enough to stamp 
a boy as heing suited for the profession, and fond parents are 
sometimes apt to think that liecause their son prefers making 
rabbit hutches, boats, or such like toys to learning his 
lessons diligently, that therefore hia tastea mark him out as n 
future Kennie or a Stephenson. There can be no greater 
mistake than this, and in no profession perhaps, now that 
competition has become excessive, is there so little prospect 
that men who are mentally deficient, or who are averse to 
intellectual labour, will succeed in obtaining a high position. 
It is true that the prizes in the engineering jirofession are 
few, and therefore there is little inducement for men of 
taJent to select it as their profession, especially in Ireland, 
where their services are so poorly recompensed, nor has tho 
treatment of civil engineers in the Public Works Depart- 
ment in India been hitherto calculated to draw men of ability 
into that service. In the earlier stages of educating for the 
profession we find also that, while other professional schools 
have prizes of various kinds offered to stimulate youthful 
ardour and reward merit, to the School of Engineering of 
Trinity College, Dublin, which has now been estjiblished for 
some thirty years, no prize or scholarship of any kind is 
attached, and this neglect of their interests has been much 
felt by successive students. Up to a comparatively late 
period the usual method of entering the profession was by 
becoming a pupil of some engineer in practice and having 
what was called tho run of his office. This, perhaps, was 
well enough for the simpler kinds of railway engineering 
which had become more or less stereotyped and required 
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little more than a knowle<ige of earthwork, surveying, and 
mnsonry of the simpler kinda; bnt when iron structnrea 
came into fashion and when anything outaide the ordinary 
routine had to be designed or carried into operation, we find 
that this amount of knowledge failed, and a demand arose 
for higher attainments. As the field of engineering adven- 
ture became enlarged, and harbour, hydraulic, and marine 
engineering became more and more important branches of 
the profesaion, it soon became evident that scientific training 
was quite as essential as practice, and there are few now who 
will venture to dispute that both combined are essential for 
the riaing generation of engineers. Complaints have been 
made not un frequently, and in some cases perhaps not 
witliout justice, that the preliminary theoretical trwnlng 
was superficial, and that diplomas or certificates have occa- 
sionally been awarded to unworthy men. This, I fear, is 
not confined to the engineering schools alone, but more or 
less pervades much academic education. In some cases it may, 
perhapa, be partly attributed to requiring men to go through 
too extensive a curriculum of study; but I believe the one 
great ftiult which pervades nearly all the higher branches of 
education in this country — and I would confine my observa- 
tions to the education of the average run of mankind, for I 
am not treating of prize men and honour examinations — is 
this, that a very low standai-d indeed is aufficient to pass an 
examination and qualify the student for a further step in his 
college course. A loose and slovenly method of mental 
work is the residt, and a confirmed disinclination to grapple 
manfully with any difficulties which may arise, but which it 
is easier to let slide than overcome by an accurate process of 
reasoning. Incompleteness and an unsatisfactory way of half 
doing things is the consequence, and I know of no greater 
annoyance than having to depend on the untrustworthy 
forts of a mind thus enfeehled. The true remedv for this 
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eeeins to be to inBist on an exact knowledge of whatever ia 
professed to be learned, be it ever so small ; and if men are 
unable to compete for honours, that ia no reason why they 
should be allowed to pass oi-dinary esaniinations with a mere 
smattering of that knowledge the acquisition of which the 
examination professes to test. If the average man is unable 
to cope with an extended course, it would be far better lo 
shorten the course and compel him to acquire a really 
thorough knowledge of a few subjects than let a wretched 
skirmishing over a wider range qualify him for passing to a 
higher class. 

There is no doubt that in technical education we may 
usefully borrow much from our Continental neighbours. In 
the Central School in Paris, for example, we find what 
appears to be an excellent system of testing the comparative 
merits of the pupils, who are subject to frequent compulsory 
examination, not only at the end of each year's studies, but 
also during the course, and at their close. At first the 
council of the school, when definitively classing the pupila 
according to their merits, took into account only the marks 
obtained at the final competitive examination at the end of 
the third year, when each pupil had to present a project on a 
given subject. But experience soon showed that a pupil 
who answered correctly the questions put at the examination 
was not unfrequcndy a very indifferent pupil favoured by a 
lucky chance. It was, therefore, decided that the average 
marks of the third year should be added to those of the 
competition in appreciating the merits of the candidate. Aa 
pupils were often found to be somewhat negligent in the 
second year, it was subsequently deemed advisable to carry 
this principle still further, and take into account the marks 
of the second year in awarding the diploma or certificate of 
capacity, and in assigning the pupil his place in the list 
published in the ..V/oHsifiir. With all these precautions, it is 
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^ffisrcely ptissiblo thut ttici-c should bo iiuy ^rcat niULiki! in 
apprmating the merits of the pupils; and M. I'erdonnet, 
firom whose report I have extracted the foregoing information, 
adds further, tliat this fact seems to have been well tmder- 
stood by manufacturere, for most of them require candidate* 
for employment to produce either a diploma or certificate, 
and ae the latter is of much leas value than the former, we 
every year aee old pupils who have obt,aiiied certificates only 
present themselves again to comi>ete for the diploma. 

As I have often been a^ked what I considered the beet 
method of learning engineering, I shall devote a short space 
to this consideration. First and foremost, let the embryo 
engineer, after having had a liberal school education, be well 
instructed in those branches of science which directly bear on 
his future profeSi*ion; and hei^e, again, 1 may observe that 
the usual curriculum might probably be curtailed with 
advantage by omitting, ur at least not making compulsory, 
some few eubjecta, such as erysfallogmphy and possibly 
mineralogy, which, though no doubt very desirable branches 
of knowledge in their way, are in no respect essential to the 
practice of ordinary engineering. The human mind being 
limited in its capacity, it is not dcHimblc t« make obligatory 
those subjects which are not absolutely necessary for the 
ordinary exercise of the profession — far better, as I have 
already urged, would it be to demand a higher standard in 
the essentials. If a man is intended for the profession of a 
mining engineer or a geologist, by all means let him learn 
tliese exceptional studies, but that is no reason why ordinary 
engineers should spend time over matters that are, to a 
certain degree irrelevant, at the expense of more vital subjects. 
The system in some of the Continental polytechnic schools 
and universities seems in this respect one worthy of imitation, 
viz., to allow men to take up and thoroughly work out 
particidiir bi-anchee of study, and not waste their jiowcrs over 
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a diffuaed course, much of which U dropped the moment the 
presaure of having to pass an examination ceases to act. An 
arrangement somewhat similar to this exists in the Glasgow 
University and in the Queen's Colleges in Ireland, and in the 
former it has been found to answer in cases where the winter 
can be devoted to study and the summer to the practice of 
engineering or industrial pursuits. There are also numerous 
instances, especially in a large city, where men would gladly 
attend special courses for the sake of acquiring knowledge 
without expecting any certificate of attendance ; and it aeems 
properly within the functions of a great teaching institution 
like Trinity College, Dublin, to afibrd enlarged facilities of 
this kind to any one who wishes to aviul himself of them on 
payment of a reasonable fee, without requiring such students 
to matriculate. In order to gain the theoretical knowledge 
required for the profession of a civil engineer, it will be 
advisable to become a student in one of the University schools 
of engineering, and this course of theoretical training cannot 
be considered completed in less time than three years. 
Besides scientific knowledge the student in the schools should 
learn surveying, drawing and such technical knowledge of 
his profession as can be acquired from lectures and books. 
In drawing of details, especially, should accuracy be insbted 
on, and to each school should be attached a first-class 
mechanical draughtsman, one who has been through the 
workshops himself and has practised his calling successfully 
for some years in extensive mechanical establishments. This 
draughtsman should teach daily in the drawing- oiEcc, going 
round from desk to desk and, acting under the directions of 
the professor of engineering, he would relieve the latter of 
much mechanical labour, which should not occupy his time to 
the exclusion of more important professorial duties. After 
the student has gone through his three years of the school, he 
would be qualified to become a pupil either of a civil or 




ADDRESS OF THE FBESIDENT. 



51 



^H^tanical eo^neer, and having already a correct appreciation 
of theory and a mental training of a kind likely to develop 
habits of iuduatiy, application and observation, he would in 
two years' apprenticeship learn more than an ordinary pupil 
raw from school would in five, and when thrown afterwards 
on his own resources would not display that lamentable 
ignorance which is occasionally exhibited by those purely 
practical men whose scientific education has been altogether 
neglected. The time thus occupied in learning his business 
will be five years, or six years if the student takes out his 
BA. degree, a thing he will have no reason to regret in after 
years; and if he enter college at seventeen, he may expect 
with due diligence to become an engineer who can hold his 
own and be useful as an assistant at twenty-four years of age. 
Of all the qualities most essential to a young engineer, and 
one in which a large number arc very deficient, la exactness. 
A want of thoroughness and completenesB in that they 
hare to do is the bane of many a young man, who, in other 
respects, may possess qualities calculated to be useful to hia 
employer ; but nothing can supply the want of accuracy, and 
this is chiefly to be obtained by a patient grappling with the 
difficulties of each little matter that may arise and not letting 
it go till he has mastered all the details. The practice of 
this goes far to insure success — the reverse to entail failure. 
The idea that matters will shake themselves right in the 
long run is very fine in theory and, no doubt, to a great 
degree true in reality ; but it generally will happen that the 
indolent and inexact aBS is tant- engineer will also find himself 
shaken out of employment by this natural process of rectifi- 
cation in which he blindly trusts. 

Connected with this subject of technical education a matter 
has frequently strongly impressed itself on my mind when 
witnessing the wasteful application of power by the labouring 
classes, namely, the great want of a certiun amounl of practical 
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tcchuical knowledge being taught in the |iriinjiry »;]iools. 
The working classes arc jierpetually engaged in operations 
which require them to move about heavy materiala in varioua 
ways both by manual and mechanical labour, but few indeed 
have any intelligent idea of the use of the lever, the pulley, 
the wedge, or the acrew. As to friction, most of them seem 
to have no conception whatever of it, or how to relieve or 
mitigate its effects, and I am fully convinced that a little 
practical education with experimental apparatus of a Tery 
simple character and instruction in the working of ordinary 
machinery would be (juite as useful and apt to awaken 
intelligence in the attendants of the primary schools as their 
book knowledge, and probably quite as interesting to the 
young learners. Now that machinery for agi-ioultural pur- 
poses b coming into everj^-day use, this kind of knowledge 
would be quite as important for the agricultural labourer as 
for the navvy or builder's labourer ; and it cannot be doubted 
that to the soldier also a eound practical acquaintance with 
elementary mechanics would often prove of extreme value in 
time of war. Having regard to the competition which we 
sustain from abroad in all the industries which have hitherto 
distinguished the United Kingdom, it seems more than ever 
necessary that we should endeavour to let nothing escape us 
which may aid in maintaining that supremacy which was so 
hardly won and which is now so stoutly attacked from every 
quarter. 

Of the future prospects of engineering in Ireland it is 
difficult to speak with any certainty. Much work doubtless 
remains to be done, but, with some few exceptions, chiefly 
by supplementing the deficiencies and filling in the shadows 
of the broader lines of enterprise which have already been 
opened up. As regards railways in Ireland, it seems clear 
that there cannot be any very rapid extension of either main 
or branch lines for the future, for the industry of tlie country 
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la not sufficieotly man ufactu ring to make it likely that such 
enterprises will meet with much encouragemeot. There is, 
however, a certain opening for cheap railways, and this 
eubject has much engaged the attenlion of engineers and 
others since the success of the Festiniog line has awakened 
attention to the subject. The action of the Indian Govern- 
ment in determining to make the metre a standard gauge in 
India seems certainly a move in the right direction, for it 
appears very absurd to introduce costly wide gauges into poor 
coimtriea when narrower ones have been found sufficient for 
the wants of the richest and most industrious nations in tlie 
world. It is now becoming gradually understood that a 
raquent service of light trains affords greater accommodation 
to the public and a greater inducement to them to encourage 
railway traffic than heavy trains at long intervals, and as it 
generally happens that a great portion of a railway staff must 
be employed whether the trains run frequently or not, and as 
a large proportion of the cost connected with the railways ia 
in no respect, or scarcely at all, dependent on the number of 
trains, it follows that the expense of a railway worked with 
frequent light trains, compared with tJiut of one worked with 
few and heavy trains, will bear a very different ratio indeed 
from that of mere relative number of trains. There are few 
intelligent minds that have considered the subject carefully 
who will not acknowledge that a metre gauge, similar to that 
which is now so wisely introduced into India, where it will 
probably ultimately supersede all other gauges, would, it 
originally made the gauge of Ireland, have given all requisite 
fiKalitiea for traffic and have paid a considerably larger per- 
centage of dividends to the shareholders, as well as have been 
farther extended throughout the country, than the present 
gauge of 5ft. Sin. It may be too late to go back on the past, 
but it is probable that future branch lines will, to a great 
degree, be constructed either on a narrow gauge, or, if the 
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standard gauge be maintained, with a much lijfhter permanent 
way and lighter rolling stock than those adopted on the main 
lines. Both systems have their able advocates among the 
members of this Inatitution, and I trust they will bring the 
question forward, illustrated by statistics and acquired 
experience, which alone can render material a.*si3tance in 
deciding the relative merits of such questions. A few 
general considerations, however, may not be devoid of i 
interest. The h6te noir of the narrow gauge is the alleged 
difficulty of breaking bulk — an evil, I believe, more imaginary 
than real. As regards passengers and parcels, this is already 
done wherever a junction occurs between a branch and main 
line and, as regards heavier goods, there are several ways of 
overcoming the objection. For instance, with such traffic aa 
coals there ia no great difficulty in making the bodies of the 
narrow-gauge coal trucks to lift like boxes otf the frames, to 
he hoisted by suitable cranes on board the larger trucks, as - 
was furnjerly the practice with the diligences in France, when 
jiassengers were conveyed partly by rail and partly by a 
diligence that was separated from its wheels and then 
mounted bodily on a railway truck in the course of a very few 
minutes, without disturbing either luggage or passengers 
during the operation. For bale goods this may not be 
equally desirable, and they may, perhaps, be better trans- 
mitted, as passengers' luggage and parcels now are, by hand 
from waggon to waggon ; and the expense of this will be less 
than at first sight may appear, for there must always be a 
certain staff of men available at junctions who might just 
as well be employed at this work aa in doing nothing, 
which frequently forms their principal occupation for several 
hours every day. Some persons have imagined that it 
would be necessary to have a special local repairing 
shop for narrow-gauge engines and waggons, but this ia 
altogether a mistaken notion; nothing can be easier when 



fceavy repiur ia required than to lio'wt the little waggon 
or en^ne on a broad-gauge truck and run it up to head- 
quarters, where the principal workshops are situated. 
The great thing to di-ead with a light branch line of the 
ordinary gauge is the tendency of traffic managers and 
directors to work it with the heavy worn-out rolling stock 
and engines which are not considered good enough for the 
main line, and gradually the system will drift into that 
adopted on the latter, when nearly all the advantages 
supposed to be derived from the cheaper kind of railway will 
disappear, and the state of afl&irs will gradually become much 
the same as we find along our present branch lines, with this 
additional demerit, that the unfortunate engineer will come in 
for a large share of obloquy from every aide — from the traffic 
department and directors because special rolling stock are 
required and, when thia objection ia removed by using the 
eame stock as tliat on the ratun line, from those pecuniarily 
interested, because the commercial result fails to meet their 
anticipations. 

Few circumstances afford stronger evidence of the increas- 
ing prosperity of tliis country than the development of traffic; 
and this is shown in a marked degree by the increased tonnage 
and demand for improvement in some of our principal ports. 
In Belfest we find that the tonnage ^vhich entered the port 
has doubled in about twenty-one years, in Dublin in about 
twenty-three years, while in the port of Liverpool it has 
doubled in twenty-five years. The respective tonnages 
entering these three ports and Glasgow for one year were as 
follows, those of Belfast arid Dublin being made up to the 
end of the year 1870, and those of Liverpool and Glasgow 
being made up to midsummer of the same year: — Belfast, 
1,225,566 tons; Dublin, 1,506,011 tons; Glasgow, 1,992,110 
tons; Port of Liverpool, 5,728,504 tons. It thus appears 
that the tonnage of Dubhn is about three-fourths of that of 
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Grlasgow, and a little over one-fourth of that of the Port 
of Liverpool, which includes Birkenhead. This increased 
tonnage is also accompanied by an increase in the size of 
ships, and the demand for accommodation is not merely for 
additional length of quay apace, but fur deeper water along- 
side. Vessels drawing 22ft, of water are now sufficiently 
common in the port of Dublin, and all experience shows that 
as soon as accommodation or facilities are provided, so soon 
will they be eagerly seized and create a demand for more. 
These facts clearly prove the fallacy of the statement so often 
repeated, like the cuckoo's cry, that we have now come to the 
limit of extension of trade and industry and that we should 
therefore rest and be tliankful. With minds addicted to this 
class of thought it is difficult to reason effectually, for 
arguments based on logical inference or experience have little 
or no weight with them, and they regard the well-considered 
opinions of more enlightened and more experienced people aa 
the Incubmtions of over-aanguine and enthusiastic fancy. On 
the other hand, we find a different type of mind, which, 
rashly jumping to conclusions, claims public support for ita 
visionary crotchets and ill-considered schemes, and, if this be 
not conceded, represents itself as being in advance of the age, 
and tlierefore somewhat ill-used, though it may console itself 
with the hope that posterity will do it tardy justice. Now, it 
is the business of the engineer to steer clear of either of these 
extremes. His mind should be calm and free from bias or 
partisan views on the questions with which he has to deal; 
and though he should be prepared when necessary to infuse a 
fair share of enthusiasm into the expression of his carefully- 
matured ideas, he should trust to logic and sound common 
sense carrying the day, rather than appeals to the imagination 
or speculative tendencies of his clients. 

This leads me to consider that most imjjortant branch of 
the engineer's profession which consists in preparing plans, 
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statistics, and other eviilencc for jmrliamentary committees. 
A frequenter of tlie committee rooms of the Houses of 
Parliament cannot but be struck with the immense labours of 
those members who devote not only their evenings and nights 
to legialation, but spend from four to five hours of the day- 
time in the investigation of the merits of local or private bills 
with rare patience, and, generally speaking, great tact and an 
intelligent recognition of the duties they have to perform aa 
combined judge and jury. Though the chairmen of these 
committees are selected for their iiigh qualities, yet one cannot 
but sometimes feel that their want of professional training and 
experience often leads, not only to great waste of public time 
and expensive and protracted contention between opposing 
interests, but that occasionally also there is a certain tiulure 
of justice owing to the absence of an unbiassed professional 
aaseaaor, who would at once detect inconsistent or partial 
evidence and confine the professional witnesses to their 
proper functions of stating facts, and not becoming advocates. 
It may, perhaps, be said that under the present system any 
loose points on either side will be detected by the cross- 
examination of the opposite party. This, no doubt, will 
often occur, but it also sometimes happens that one side ^Is 
in procuring such weighty evidence as the other, either from 
poverty of means, or what is, perhaps, fully as common a 
cause, the question being one of little interest to private 
individuals, and then it happens that that which is every one's 
business is neglected by all. An assessor such as that 
described should hold a very higli rank in his profession for 
intelligence, experience and rectitude of purpose; and aa it 
would be incompatible with his duties aa assessor that he should 
continue his private practice, it would be necessary to attach 
Buch a salary to the appointment aa would compensate for 
_thiB loss and render the post one desirable of atttunmeut by 
s highest member:^ of the profession. Two such assessors 
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with well-selecteJ coinmitteeB would probably be sufficient to 
get through the aiore important jirivate business of each 
Bcssion, and there can be little doubt that the result would be 
beneficial 'to the profession at large. We should find less 
special pleading and less disregard for strict veracity than is 
now unfortunately sometimea found in the advocacy of profes- 
sional men, and such appointments would be very beneficial 
in consolidating the infiuence and elevating the status of the 
engineering profession. The relief to members of Parliament 
would be very great indeed, for the vast expenditure of time 
and labour in morning committees, which now form so heavy 
a tax on their energies, would be greatly diminished, and their 
work would, not only be quicker, but it would be better done. 
Of late years sanitary engineering has taken a very 
conspicuous place, both on account of the vital importance 
of the subject in a public point of view and, perhaps, to 
a certain extent in consequence of the diminution of railway 
construction leaving the fertile minds of the profession freer 
to seek new paths for their enterprising skill. At present 
we see isolated and desultory efforts to free the great centres 
of population from the dimgers arising from conceuti-ated 
- masses of mankind ; and as villages creep into towns, and 
towns into cities along the valleys of the sister isle, we 
find the question perpetually giving rise to parliamentary 
and royal comraissiona, hasty legislation but half enforced, 
injunctions and cross purposes, each little township or district 
looking to its own interests only and generally ignoring 
those of loiver populations on the same stream, while vast 
expense is incurred and abortive attempts are made to 
palliate the evil, in place of boldly grappling with the 
question and facing the difficulty at its source. The method, 
then, which seems to recommend itself as the most likely 
to succeed in producing general good results is to form a 
drainage board or commission for ear'h main river vallev. 
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extendi Dg irom its aource to its outlet in the sea, and 
enubraoing within ita jurisdiction the whole of the tributaries, 
and the area which discharges its waters therein. This board 
might be formed of representatives of the various interests 
concerned, and have one or more paid commissioners 
appointed by Government to prevent the weak from being 
overtaxed hj the majority. Where, as occurs in many 
valleys In the manufacturing districts in England, village 
after village and town after town riae along the banks of the 
same rivers and its tributaries, it seems probable that it will 
be found necessary to construct a great main drmn or sewer 
parallel to nearly the whole length of each stream and 
intercepting in its course all the sewage which would 
otherwise pollute the water. At suitable places along its 
course this. intercepting sewer should be lapped for purposes 
of irrigation and thus greatly diminish, or under favourable 
conditions altogether remove the sewage in the best method 
hitherto devised. If hereafter any plan of deodorizing or 
otherwise manipulating the sewage be brought to perfection, 
it can also be adopted at suitable places along the intercepting 
sewer remote from the thickly-peopled localities. 

In mechanical engineering three things have occurred 
during the past year which are of vital interest to a great 
manufacturing and commercial country like England. First, 
the diminution of the hours of labour among the working 
classes. Secondly, ■ the enormous extension of the iron 
manufacture and the great demand for hematite ores for 
Bessemer steel. Thirdly, the increased cost of coal and the 
growing feeling that the supply may possibly not equal the 
future demand, and that there wUI result a future increase in 
prices that may render some branches of manufacture unprofit- 
able. The improvement in the material prosperity of the 
working classeo, especially those exercising skilled labour, 

! been very marked during the last quarter of a century, 
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and tbe shortening of the hours of l^our, which haa been 
lately ao successfully established, is another step in the same 
direction. Part of this prosperity may, no doubt, be 
attributed to the influence of large gold discoveries on the 
price of labour; but still, comparing their relative position 
with that of other classes of society, the balance on the 
whole seems in favour of the operative. Now that education 
is within the grasp of all, and that fresh facilities are con- 
stantly given for a lad of talent to work himself up by hia 
abilities from each grade to a higher one in the scale of 
learning, we find that competition in the professions and the 
higher branches of business haa greatly increased, while 
incomes derivable from professional toil have not at all 
augmented in the same ratio as those derived from manual 
skill. On the other hand, we find the cadets of noble houses 
contending in the same arena with members of the learned 
professions and men of business; so that on the whole we 
may conclude that what are soraetimes called the upper 
middle classes in society are those whose relative position haa 
least altered for the better within the last quarter of a 
century. 

The stagnation of trade which succeeded the year 1866, 
having passed away simultaneously with the expiration of the 
Bessemer patents and the termination of the Franco-German 
war, has given an immense stiuudus to the tnanu&cture 
of iron. To the engineer eventhing connected with iron is 
replete with interest, but we fear our long cherished hopes 
that steel plates may be manufactured in large quantities of 
a reliable and uniform character has not yet been realized. 
In shipbuilding steel is still regarded with distrust, and this 
must be so long, as its tendency to fly without warning has 
not been overcome by the manufacturer's skill. Iron, 
therefore, still reigns in the construction of ships and in 
no other branch of trade is greater activity at present 



ADDRESS OF J 



; PKESIDENT. 



61 



isplayed. Long screw steamers, high-pressure Bt«am anit 
surface condenBcrs are now the fashion, and a new tiniljer 
ship is quite as rare aa an iron one was twenty-five years since. 
Among other causes the opening of the Suez Canal has 
contributed to increase the length of screw steamers, and 
we find vessels from 350ft. to 450ft. long becoming very 
numerous, and one of ou'r most experienced shipbuilders haa 
informed me that he anticipates that vessels of 500ft. in 
length will be required before long for ocean routes. Thus 
we find the old-fashioned ducks in some of our greatest porta 
daily becoming inadequate for the increased size of ships — an 
instructive lesson to modern engineers not to provide merely 
for the immediate wants of the present moment, but look 
into the future and design their works so that at all events 
they may be capable of extension without destroying or 
rendering useless work already done. 

The increased cost of coal is one of the most vital interest 
to Englaijd, and some persons think we should not be 
80 liberal in supplying foreigners with a commodity of which 
we have a certain kind of monopoly as well as a limited 
supply. They propose placing au export duty on coal, 
similar to that which the Peruvians have placed on guano, 
and from which the latter derive a very considerable revenue. 
Without going into this question, we can clearly see that the 
cost of fuel in England must greatly increase aa the more 
easily won coal becomes exhausted and we have to work 
deeper and, perhaps, thinner seams. 4,O0Oft. appears to be 
the limit of depth at which those who have investigated the 
matter consider we may mine for coal. Raising the mineral 
from 80 great a depth must, however, be attended with 
a vast increase in cost. For e.xample, a wire rope of this 
length and of uniform size would not safely carry its own 
in regular work, much less support a heiivy bqx 
s in addition. The total lift, therefore, must be 
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subdivided into perhaps tliree or more separate lifts, and 
this alone will inevitably add considerably to the cost of 
fuel. 

The most memorable event in the progress of foreign 
engineering during the past year is the completion of the 
Mont Cenis Tunnel, which is mainly due to the enterprise 
and intelligence of the Italian Government and its en- 
gineers. The couBtruction of a tunnel beneath so great a 
depth of superincumbent rocks opens out some interesting 
questions to the geologist as well aa to the practical engineer. 
The greatest height of the mass of Alps over the tunnel 
is stated to be 5,307ft., and at the rate of 13 cubic feet to the 
ton, this is equivalent to a pressure of a little over 400 tons 
per square foot at the level of the tunnel, which is greater 
than the crushing strength of many rocks, and closely ap- 
proaches that of the hardest graniteB. At first sight it might 
be supposed that this enonnous pressure woidd cause the 
tunnel to collapse, or, at all events, that the lining rock would 
be very apt to splinter, juat as occurs with samples in a 
proving maehine, long before the absolute limit of crushing 
is reached. There can be no doubt that before the tunnel 
was pierced the rock was subject to a very enormous 
pressure, but it seems highly probable that as soon as a 
hole was formed through the rock a slight motion took place, 
the rook expanding into the tunnel where the pressure was 
relieved, so that there is a tube or annular portion of 
rock around the tunnel, the interior of the tube being 
comparatively free from strain, which gradually increases the 
further it recedes from the tunnel, until at some short distance 
the full pressure of 400 tons jier square foot is attained. 
Tresca's experiments on the flow of solids lead us to 
<!onclade that even rock may slowly close in under prolonged 
excessive pressure, provided the latter be sufficiently great. 
Poffiibly rock will not flow; it may rather be first crushed to 
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fragments and tlien made again to coliere by pressure within 
a, limited apace, just as certain kinds of compressed bricks are 
formed by forcing powdered clay into moulds. This question 
may possibly meet a further solution in a large practical way 
should tunnels be formed beneath much higher Alps than 
Mont Cenis, and nearer home the question attains a certain 
amount of interest in connexion with our future deep mining 
for coal; for where clay or soft shaly matter occurs in very 
deep mines, there can be no doubt that serious difficulties 
may arise from the " creeping " of the floor or roof, which is 
at present sometimes very sensible in comparatively shallow 
mines. To the geologist such speculations are replete with 
interest. They lead to the inference that large voids cannot, 
exist far beneath the earth's surface. It is conceivable, 
however, that the contraction of solid or fluid matter may 
leave spaces of considerable area filled with gases or vapours 
in a high »tate of tension, and that this tension slowly 
diminishing may cause the equilibrium between the gas press- 
ing upwards and the superincumbent earth pressing down to 
be destroyed, and thus large areas of the earth's surface might 
cave in suddenly. It would be a necessary condition of this 
latter phenomenon that the gas or vapour-filled space should 
not be in connexion with a lofty volcano, for the pressure due 
to the liquid head of lava in volcanoes such as those of the 
Andes cannot be much less at the level of the sea tlian from a 
1,000 to 2,000 tons per square foot; and if lava be as dense or 
denser than the average mineral matter of the globe — and we 
are told thai stones float on lava — this excess of pressure will 
extend downwards with an eruptive force throughout the 
whole area of the molten Inke or internal reservoir from whence 
the lava issues forth. From this consideration we might 
deduce a minimum thickness of the earth's crust, supposing 
that it were a spherical shell with a fluid centre, for the 
mtwanl pressure due to the liquid hejid of lii\a above 



*>i ADDRESS OP THE PBESIDENT. 

the eartli's surface would be balanced by tfee tensile strength 
of the spherical shell ; and if we knew the density of lava as 
compared with that of the earth's crust, and the tensile 
strength of the latter, we could readily find the thickness of 
the shell requisite to balance the bursting effort due to the 
head of molten matter. We may extend our speculations 
still further and conceive that the sudden upheaval of large 
portions of the earth's surface, such as that which occurred in 
Chili in 1822, and which raised the ground over an area 
estimated at 100,000 square miles, and to a height of 3ft. on 
an average, was due to the liquid head of lava in the adjacent 
volcanoes overcoming the cohesion and weight of the earth's 
crust, either by forcing itself in a horizontal direction through 
the solid ground beneath the raised area, or, if a large lake of 
molten matter exists beneath those regions in connexion with 
these volcanoes, by the liquid pressure.over the area of this lake 
overcoming the superincumbent weight and cohesion of the 
ground around its edges. In either case the movement 
would cease as soon as the volcanoes were relieved by the 
discharge beneath of their molten contents ; and as the mass 
thus added to the continent has been calculated to have 
contained fifty-seven cubic miles in bulk, which would be 
sufficient to form a conical mountain two miles high (or about 
as high as Etna), with a drcumference at the base of nearly 
thirty-three miles, it must have taken the fluid contents of 
several volcanoes in the Andes to effect the upheaval. A 
simitar hypothesis might explain the sudden caving in of 
large volcanoes such as that of Papandayaug in Java, in 
1772, when the greater part of the mountain fell in and 
disappeared over an area of fifteen miles long by six broad, in 
consequence possibly of the liquid core being suddenly 
removed by discharge from below, and thus leaving the i 
interior of the mountain without its ordinary support. 
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[lllh Decemhec, 1873.] 

- Robert Manning, Member of Council. 
In the Chair, 

I On the Vaeious Systems of Permanent Way. 
By John Chaloner Smith, Member, 

It is proposed in the following remarks to lay before this 
Institution the results of the author's observations on the 
various systems of Permanent Way generallv used in these 
countries, and about the comparative merits of which con- 
siderable difference of opinion exists amongst the members of 
the profession. 

It is not intended to enter upon the manufacture of iron 
and steel, or theoretical questions relating to traction, either 
of which matters would occupy very much beyond the time 
at our dieposah 

Probably to many here this paper will present nothing new, 
but the importance of its subject will be admitted when it is 
considered that the expenditure on Permanent Way, more 
than any other one item, affects the amount of the returns 
received by the owners of the vast capital sunk in railways. 
Ajudicious selection of way in the first instance, or a judicious 
treatment of an existing way, will save the railway company 
many thousands of pounds; and no error or mistake can be 
thought trivial when its frequent repetition occurs — for 
instance, a mistake in the jointing of the rails will increase to 
5,0(X) mistakes in ten miles of line. 

It is now a little more than a hundred years since iron rails 
were first used in these countries ; then, and for long after- 
wards, they were merely employed for the purpose of facili- 
tating the traction, by horses or men, of waggons containing 
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coal or other minerals, They were simply formed of a flat 
bar of cast iron, with an upright ledge for the purpose of 
keeping the wheels upon tlie line of the bar, and were tiisteued 
by pins to wooden supports or sleepers, which were aomLtiuiea 
cross, or stretched across the breadth of the railway, and some- 
times lonjptudinal, or running along under each rail. It may 
be remarked tliat, as early as 1797, stone supports were used 
instead of timber at a colliery near Newcastle- on-Tyne. 

About ten yeai-a before thia a railway had been formed at 
Loughborough, the rails being cast iron, of a tee-shape on a 
flat base; and as this rail presented no nieane of keeping the 
wheels upon it, a flange was cast on the latter. 

The first of these systems was styled the plate rail, the 
second the edge rail, and each system was vehemently backed 
by the rival engineers of that day. It is hardly necessary to 
mention that the plate rail (a hue of which is still in existence 
not far from ua, leading from the KiUiney quarries to Kings- 
town Harbour) has been now almost totally abandoned ; even 
the tramway rail now in our streets, by its adoption of the 
principle of the flange on the wheels, becoming an edge rail — 
although its shape certainly rather resembles the flat portion 
of the plate rail. 

Before the end of the last century, instead of the flat base 
to the edge rail, chairs were sometimes adopted. 

The next great discussion which arose was as to the advisa- 
bility of retaining cast iron as the material for rails, or of 
using malleable or rolled iron. To the latter it was objected 
that, the rails being fibrous, the ivheels would gradually 
expand their upper surface and cause its separation into 
laminffi; and althougli malleable rails have been universally 
adopted, those accustomed to inspect lines arc quite aware 
that the objection was well founded and by no means ground- 
less — such as another made at the same time, which was that 
njalleablc iron rails would shortly rust away, — the fact being 
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that (owing probably to the vibration caused by passing loads) 
there is scarcely any appreciable loss on our railways from 
this cause. 

When, in consequence of the successful application of atenm 
to locomotive engines, it became evident tJiat railways were 
about to become the general means of transport both for 
passengers and goods, the foremost and ablest engineers 
directed their closest attention to the improvement of Per- 
manent Way, and a large number of ingenious arrangements 
were proposed, and several tried; practically, however, re- 
sulting in the adoption by the great portion of the heavy- 
trafEc English and Scotch lines of the double-head rail in cast- 
iron chairs — with, however, the remarkable excejitlon of the 
Great Western line, on which Brunei (besides differing from 
the other railways in the matter of the gauge) used as per- 
manent way longitudinal timber bearers, and a low and wide- 
based bridge rtul. 

As was to be expected, numerous errors were made, in 
consequence of the comparatively short experience which these 
engineers possessed ; for instance, in order to atfeiin thorough 
solidity and permanence, slone blocks were employed as sup- 
ports, and (supposing that these would be perfectly stable) 
fish-bellied rails were placed upon them; and on the Great 
Western Railway piles eight feet long were driven with trans- 
verse bearers across both lines of rail, in order to procure an 
upward pressure. 

In Ireland the principle of a bridge rail on cross sleepers 
was adopted by Sir John MacNeill, and more than half of the 
rtulways now in existence liere were laid on that system. 

In order to obviate the loss caused by the decay of timber 
in permanent way, a system (called, from its inventor, the 
Barlow way) was adopted to a considerable extent ; in this no 
Dober was used, the rail lying directly upon the ballast. 
More .recently the flange — or as it is frequently termed, the 
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Vignoles — rail on cross uleepers haa been extensively used, 
and has met with much support from engineers; he first cost 
being lower than that of other systems, and its making (with 
the aid of fish joints) a very smooth running road, are reason- 
able causes for this support. The fish joint has been applied 
with equal success to the double-head rail, and has entirely 
supplanted the joint chair originally in use with that system. 

It would be impossible to recapitulate the numerous pro- 
posals for so-{ialled improvements connected with railways; 
indeed the seeming simplicity of the thing appears to have be- 
guiled many persons of a certain degree of ingenuity, but of 
imperfect experience, into thinking that they had made 
wonderful discoveries, for which they have hastened to take 
out patents, but on examination their ideas have been found 
impracticable, or even erroneous. 

At the same time it is by no means asserted that improve- 
ments are impossible — on the contrary, every form of way has 
defects, several of which may be capable of diminution or re- 
moval, and it is likely enough that many real improvements 
are lying dormant — like the fish-joint just mentioned, which 
was overlooked for many years ; but inventors should not be 
led by fancy or prejudice, but should test their ideas, whether 
they really remedy the defect, whether they do not cause some 
other defect of a different kind, and whether their application 
is cheap and easy. 

In order to estimate correctly the merits and defects of any 
form of way, it is necessary to be acquainted with it, not only 
when it is new, and everything sound and ship-shape, but also 
after it has been laid ten or twelve yeivrs, and carried its 
millions of tons; a comparison, therefore, between new and 
old lines is manifestly absurd, and were it not that it Is fre- 
quently made, the mention of the matter would be superfluous. 

The Brunei way was designed, and with success too, to 
aff"ord continuous elasticity under the passing loads, and to 
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iron by enabling rail and timber to act together as 
a girder ; the estra length of the cross sleepers, if used with 
broad gauge, would also have been a reason against them; 
they, however, better preserve the gauge and cant of the r^l ; 
the rail joints of this way are also defective, but its principal 
drawback in mruntenanoe is the difBcuUy and expense of 
sliaping and fitting the joints and transoms of the timber 
Bubstructure. 

The same general principle was adopted on the Croydon, 
the Midland Great Western, and other lines, using a flange 
instead of the Brunei rail. A variety of the system was 
also tried by making the longitudinal of triangular section, 
carrying on top what was called a saddle-back rail, the 
flanges of which inclined downwards on the sides of the 

The Bariow way has been very fairly tried, and has re- 
sulted, as candidly admitted by the inventor himself, in failure 
— caused principally by the want of elasticity which timber 
affords, and by the hardening of the ballast within the rail 
into a mass like concrete. The temptation to try the system, 
however, was almost irresistible, for not only did it remove 
the glaring evil of rotting timber, but by riveting the joints 
and ties, it also did away entirely with the necessity of 
movable fastenings, being in fact one continuous frame from 
end to end — at least from one set of points to another, these 
having been constructed out of this form of rail. 

Although neither of these systems are likely to be used 
here, they should not be thrown aside altogether as 
obsolete, for it is easy to conceive circumatancea under which 
their use would be attended with great success ; for instance, 
the Brunei way would be applicable in localities where shaped 
timber was plenty and iron scarce, and the Barlow way in dry, 
sandy soils, where it might possibly supersede the Greaves' 
kteut — or, !i8 they are called, the pot sleepers— particularly, 
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pcrhapa, if a thin plate of iron were fixed underneath, across 
the base of the rail. 

Most other varieties of way (bo far, at Icatsf, as yet dis- 
covered) class themselves under the heads of the chair, the 
bridge, and the flange — sonic combining their principles, such 
aa the form known as the Sandwich rail, which is a kind of 
hermaphrodite, parta,king of the nature both of the chair and 
flange forms ; and there ia also considerable difference existing 
in [>ractice in the details of the sections. 

All these forms are designed to be used with cross sleepers, 
in procuring which the engineer must be guided by the cir- 
cumstances of the case. In this country larch (when hard 
grown, and felled in winter months) makes a good sleeper; 
but as it cannot always be obtained, fir and foreign timber are 
extensively used. The durability of these latter will be much 
increased by the use of creosote — care being taken that the 
oil is of good quality, and that the sleepers are dry and absorb 
8 lbs. to 10 lbs. per cubic foot. 

Attention must also be paid to the accurnte preparation of 
the i-ail-beds, ao that the rails will bear evenly and be free 
from any rocking motion ; the holes for the fastenings also 
must be true to gauge. 

The advocates of the double-head form claim for it superior 
strength and stability, aa well aa economy ; for although more 
expensive at first, the rail can be turned and used again, 
instead of the entire relaying necessary with other forma. 

On the other hand, it is asserted that it is a complex, nearly 
obsolete arrangement, consisting of an unnecessary number of 
parts ; that practically it cannot be turned, as it ia liable then 
to break ; and even if it does not break that it is so indented 
by bearing on the chairs as to canae a jolting most unpleasant 
to passengers; that the keys are constantly falling out; and 
that the fastenings on several occasions have caused accident 
by giving way altogether. 
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■ The facts appear to be that its greater depth makes it con- 
siderably stronger as a girder than tlie other forms, parti- 
cularly when the latter have holes in the flanges. Perhaps 
this would not be of bo much consequence, did it not permit 
the rail to be made of a harder and more crystalline descrip- 
tion of iron, without greater danger of breakage, and with 
much advantage as to wear. 

The stability (by wlncli Is meant the power of resistance to 
a force applied at the top to overset the rail) can fairly be 
estimated by the ratio of the height to the base, in this 
instance about 7 to 12; the bridge being 3J to 6, or about 
7i to 12; and the flange being 4^ to 4J, or over 11 to 12. 
This force comes into action most frequently when a train is 
passing round a curve, and the flanges preesing against the 
inner shoulder of the outer rail ; practically the pressure 
exerted is by no means equal to the centrifugal force of the 
train, as it is couuter bain need to a great extent, though not 
entirely, by the insistent weight of the train itself, which 
causes the rails to bear firmly on the sleepers, and relieves the 
fastenings from much strain. 

The wooden keys in hot weather are liable to fall out ; 
other descri]ition8 have been tried, but have not supplanted 
the wood. If these keys are made sufficiently long, and 
well compressed, no serious inconvenience will result. A 
small peg or nail towards the narrow end of the key will 
catch the chair jaw and prevent the key from going back. 
It is to be noted that stability does not depend altogether on 
the key, us the rail is firmJy held at the bottom by the inside 
jaw of the chair ; in England some engineers use keys on the 
inside iustetul of the outside of the rail, which bears directly 
pinst the outer jaw iif the chair. 

Mrs permit of the use, for fastenings to the sleepers, of 

mpressed oak treenails, which possess two great advantages 
1 spikes— by not bt'ing liable lo dniw nut nr iiecome 



72 



VAEIOUS SYSTEMS 



looae, and by having much less tendency to plough through 
the fibre of the sleeper. On the other hand, there is no doubt 
but that accidents have occurred by the treenails being 
sheared across, permitting the chair to slide on the sleeper; 
this defect is modified by rounding the inside arria of the 
treenail hole in the chair, so as to give it less of a cutting 
edge, and also by boring the treentuls in the centre, and 
driving in an iron spike. 

Chairs are also fastened— as flange rails — ^with iron spikes, 
wood-screws, or fang-bolta. Spikes are liable to become loose, 
especially when the timber of the sleeper begins to decay ; 
wood-screws and fang-bolts are apt, if there be any rocking 
motion in the rail, to become cut across in the neck, and the 
thread of the lat ter after a time becomes stripped ; when new, 
and the timber sound, it is the moat secure fastening of any, 
but is open fo the great objection of its being necessary to 
remove the packing from under the sleeper when putting on 
the fang, taking much time, and loosening the bed of the 
sleeper. 

There is considerable diversity in chairs ; some have two 
ribs on the sides, with the hole for the fastening between ; 
some have only one rib, with the holes on alternate sides. 
This chair was invented many years ago by Messrs. Eansome 
and May, and It has the advantage of both fastenings not 
being in the same fibre of the timber. Care must be taken 
to give ample strength under the nul where the chair is most 
liable to break, and this would be a point in favour of wrought 
iron chairs, were they not so expensive and comparatively 
devoid of weight, which adds steadiness to the road. 

On a short line now being relaid, the chairs are made to be 
fastened with a treenail on the inside and a spike on the out- 
aide, and the same is done upon some great English lines — 
the chair being wide and having four fastenings. The large 
area of the base of chairs gives them an advantage over flange 
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vails; for by distributing tlie weight over a larger surface the 
sleeper is not so soon cut into, and consequently lusts for a 
longer period- 
Some idea may be formed of the differcnceB of opinion 
existing as regards the question of turning rails by perueing 
the discussion on Mr. Price Williams' paper, "On llie Main- 
tenance and Renewal of Permanent Way," read at the London 
Institution in March, 18GG ; but in that discussion some uf 
the following facts do not appear to have been touched upon. 
The iron rails now made are inferior in a surprising degree 
to those made 20 or 30 years ago, and they appear to be 
deteriorating still more every year ; indeed were it not that 
the so-called steel rails possess in a great measure the qualities 
of the old iron ones, there would be a most serious prospect 
for lines of heavy traffic. This bad iron commences to show 
soon after being laid down by lamination, and by short 
portions of the wearing surface flattening out and lowering 
down, from there being at these spots uo weld between the 
fibres of the iron. If this occurs to bridge or flange rails, they 
must go to scrap; if to the double-head, by turning, these 
spots will lie between the chairs on under side, and the new 
upper surface will give a second chance, and the rail perhaps 
do its work as well as the rest after all. 

When these rails (either from the sleepers at the joints 
being unsound, or badly packed) assume a humped or bowed 
form to any great extent, they should not be turned; nor 
should they be turned when the upper surface is so worn as 
to be seriously weakened and not to fit the chairs properly, 
1 this case there will generally be considerable indenta- 
on the under side. 
' These objections, however, do not apply to a systematic 
■Ding of the rails on a well-maintained line, before the 
r surface is considerably worn down or the under surface 
lented, and when this has been done the rail will have as 
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long a life before it as a new Bimilurly-lieaded one of Vigiioles 
section, and the double head may f^rly claim as additional Kfe 
the period during which the first face remained up. In the 
chair already alluded to a email recess has beea formed at the 
bottom of the outer jaw, under the key, which will hold a 
little wrought iron tee-shaped plate under the rail when 
turned, should it be found requisite to make u]i for the 
wearing down of the first surface. 

The indentation of the under surface will not be found so 
great now as with the hard chilled chairs made some years 
ago, and it may be diminished also by rounding the edges of 
the chairs : to obviate it, wooden cushions under the rails have 
been tried, and also chairs made to hold the rail suspended 
between the jaws. The latter has the disadvantage of not 
permitting the rail to be turned in or out of the chair; if 
turning be required, either the fastenings must be cut and the 
chairs threaded off the rail, or the chairs broken and replaced 
by new ones. 

The objection taken to the double-head, that it is formed of 
a greater number of parts than the Vignoles, appears some- 
what frivolous. If many fang-bolts are used with the latter, 
the difference does not exist; and if the argument were sound 
and conclusive, the Barlow way would be the beat. When 
laying the double-head the plate-layer chalks on the rail the 
position of the cliairs ; these are then keyed on, and the 
placing on the sleepers and fastening to them afterwards is as 
simple as with the flange rail. After being hud, the keys 
have to be looked to in the one, and not in the other case; 
but on the whole the double-heads are not found to be more 
expensi*'e than the Vignoles in the labour either of laying or 
maintaining. 

In comparing the first cost, much will, of course, depend on 
the particulars of the design and on the locality. Makers 
generally supply double-heads sonie shillings per ton cheaper, 
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out. If the Vignolea be somewhat heavier than the others, 
the way altogether would cost about 10 per cent. lesa ; if, 
therefore, 40 or 50 per cent, more wear can he got out of the 
latter, the economic values are apparent. 

Curiously ejiough, much of the ground of this dispute was 
covered in the controversy wliich occurred some twenty-five 
years ago between the advocates of the tlouble-head and those 
of a single-head nul in cast-iron chairs ; the former, however, 
held its own, although the latter was successfully tried on 
several lincB.* 

The bridge rail, except in the form used by Mr. Brunei, ia 
lOst unknown in England ; it nevertheless makes a safe 

id steady road, allowing its Upl)er surface to be nearer to its 
Base ihan any otlier form. This want of depth makes it 
somewhat more liable to break, but this can be counteracted 
by an additional sleeper, and by not punching holes in the 
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^^^^^or Beveral years the joint of this r^l was very defective, 

^ * tnt this drawback was removed by the joint invented by Mr. 
Harty, member of this Institution, and described in a jiaper 
read here in May, 1859. 

The wheels of railway rolling stock being keyed on to the 
axles, it is necessary to make the tires of a conical form, to 
enable curves to be smoothly traversed ; and therefore the 
rails are Inid with a cant inwards, as shown, so as to present 
their surface to the tirea. This cant is of great importance to 
the even wearing of the rails, and in the flange forms it gives 
the rail a power of keei)ing gauge independent of the fasten- 
ings: as a trial, several lengths of this bridge rail, with the 
Harty joint, were laid and safely run over, without any 
fastening between the rail and sleeper. In the double-head 
the cant is almost always given by means of the chair, and 
* See Bree'i " Railway Practice," Third Series. 
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this, when rectangular eleepera are used, removes the necessity 
for cutting through the skin of the sleeper, and tends to 
prevent decay. 

The bridge form of rail, more tlian any other, permits of 
the advantageous use of a wide vfheel-tread. The shoulders 
are generally turned with a ^-inch radius, and the tread 
is 2^ inches; in the others the shoulders are turned with 
^-inch radius, and the tread is only 1^ inches, and this cannot 
be materially increased without widening and weakening the 
sides of the head. 

Most locomotive engineers prefer a wide wheel-trea*l, under 
the impression that it saves their tires ; but even if this be 
the case it might not be good economy to sacrifice a more 
durable head in the rail for the sake of greater durability in 
the tire. 

In the discussion on a paper on the manufacture and wear 
of rails, by Mr. Sandberg (read at the London Institution in 
March, 18C8), an eminent civil engineer advocated increased 
width of head ; but in the same discussion reasons had been 
advanced against it by Mr. Conybeare. 

In the author's practice he has found the narrow head to bo 
the smoothest running and to give the best wear, but it ia 
diflBcult to ascertain how much of this may be due to a harder 
quality of iron. Altogether the question seems one very 
desirable to sift by experiment, and a means of carrying thia 
out is offered by the testing machine invented by Mr. Price, 
member of this Institution, and described by him in an able 
paper read at the London one in April, 1871. 

In first cost the bridge may be considered as intermediate 
between the other two. 

The Vignolcs rail has been mentioned as inferior in sta- 
bility 1 practically this does not much affect it in straight lines 
and in curves is shown not so much by the rail oversetting — 
although this has occurred — as by a general tendency to 
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tecome wide for gauge. This tendency can be corrected by 
strong fasteninga, or by cleat* fixed to the sleeperB and Ijearing 
againat the outside of the outer nul of curves ; and it can be 
removed bv considerably widening the flange— and this will 
be attended with the additional advantage of making tlie rail 
lesB liable to cut into the sleeper. It would of course add to 
the cost, and be quite useless between the sleepers, as it has 
not been proposed that the flange should bear on the bnllaet, 
and the greater width would not add vertical atrength in 
proportion. 

A rail is worn down by the weight of traflSc run over it; 
their life, therefore, on heavy-traffic lines is comparatively 
short ; on light-traffic lines — and by light it is not meant that 
the engines and vehicles weigh less, but that trains of the 
usual weight are less frequent — the life is so much longer 
that if compound interest be calculated on difference of first 
cost, the economic values before aUuded to will approach 
much more nearly. 

In remote or foreign dietcictB, the Vignoles has the advan- 
tage in the freight and coat of transport being less, and also 
by the low values there of the chairs when broken. In Eng- 
land the cost of recasting these is about 20s. per ton, and 
some companies do it for themselves. 

No hard and fast line can well ho drawn to fix the exact 
amount of traffic above which the double-head is the best, and 
below which the Vignoles is the best ; but unless under some 
very exceptional circumstances indeed, the author believes 
that traffics over single lines under a quarter million tons (in- 
cluding dead-weight) per annum will be best suited by the 
Vignoles, those over half a million by the double-head — the 
intermediate quarter million to be considered either way, at 
the discretion of the engineer. 

It is claimed for the Vignoles form that the foot can be 
lade fibrous to protect the rail from breaking, and the head 
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hard and cryslallioe to stand wear. In praciic6, at present, 
that foot will generally be found (the epecifications of engi- 
neers anil the falling- weight tcets having made it requisite), 
but the hard head ia eeldom tbrthcoming: perhaps the makers 
think things should not be made to last too long. The diffi- 
culties of manufacture, indeed, are great — the dirterent irons 
require dift'erent temperatures, and it ia very hard to make a 
continuous weld between them. Should this ever be 
thoroughly overcome, the entire aspect of the question will 
be tofjiliy changed, and the Vignoles form will occupy a very 
much higher position. Perliaps then a further step might be 
taken, and worn-down rails successfully retopped ; but it 
seems aa if, in the present state of our knowledge, the practi- 
cal path of improvement did not lie in tlie direction of a 
compound rail at all, but rather In that of a homogeneous ml 
— such as the best Bessemer steel— combining hardness and 
tensile strength evenly throughout its mass ; and to obt^n 
the utmost possible advantage from such a material, no form 
of rail is so well suited as that of the double-head. 
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Robert Manning, Member of Council, 
In the Chair. 

Oit the Iron Siphons at the Wexford South 

Reclamation. 

By W. G. Strype, Member. 

There are few operations vithin the province of the 
engineering profession tiiat are so full of interest iis worki- 
connected with the reclamation of land from partial Bubiner- 
Bion, due to inroads of the eca caused by tidiil influence — and 
especially in this country, where there exists a rich field for 
operations of this nature. There was, perhaps, no sitnatiun 
so favourable for such works as that of the slob lands at 
Wexford Harbour, where, on each side of the estuajy, a 
large surface was submerged, and only during high tides. 
la the year I84li a plan for extensive reclamation was 
prepared for this locality, eubsequently resulting in some 
4,600 acres of otherwise useless land being rendered fit for 
cultivation, by the execution of extensive works on the north 
and south sides of the harbour. The object, general arrange- 
ment, and observed results of these works formed the theme 
of an able and exhaustive paper, read before this Institution 
on the 10th December, 1862, by Mr. W. Anderaon, and will 
be found in the Transactions, Vol. VII-, p. 102. This paper 
is so complete, and gives such full particulars of the nature 
and extent of the works executed, that it is unnecessary now 
to enter upon them. 

In the South Reclamation there wore three timber-framed 
in the original work {shown in dotted lines in cross 
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Bection, see plate IX), placed at or ne^r the centre of lenf^th 
of the embankment, in the vicinity of the deeper water called 
Coal Channel; these worked satisfactorily until the early 
part of the year 1868, when they began to leak and allow 
the water to return when the tide rose on the outside. Upon 
a careful examination {in which the services of a skilful 
diver were engaged) in August, 1868, the timber work was 
found to be so considerably Injured by worms, and otherwise 
decayed, as to require complete renewal. Owing to the 
advanced time of the year, this became rather a serious 
question, and added very much to the risk of accident, in 
cutting down the embankment at its highest pai-t, and in the 
region of the severest action of waves. There was also a 
difficulty in constructing a satisfactory coffer dam on the 
outside, since a great quantity of loose stones had, in the 
construction, been deposited, to give stability to the work, 
and to protect It from injury from the action of waves, 
At this juncture the opinion of our then President, Mr. 
B. B. Stoney, was taken; and upon his recommendation it 
was decided to close up the old sluices, and erect in their 
stead two wrought-iron siphons. This alternative presented 
many obvious and great advantages — which, even in the 
designing of new works of this nature, are well worthy of 
consideration when compared with any ordinary system of 
sluice — such as avoiding the necessity of temporary dams, 
and risk of endangering the safety of the embankment from 
leakage around the sluice channel (a great cause of trouble), 
and in any case removing the danger, of weakening the 
structure of the embankment. The siphons can also be 
examined at any time, and repairs (or when necessary, 
renewal) readily effected. In the present case there was 
the further advantage of the work being satisfactorily carried 
out at less cost than the renewal of the old sluices would have 
amounted to. There is an apparent objection to the siphons 
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that, owing to tlie channel being longer and containing bends, 
the discharge is leasened; but this is more than counter- 
balanced by the other advantages, and a small increase in area 
will at once make up for other losses. 

The whole of tlie new work was executed by Measr*. 
Grendon and Co., of Drogheda, in the early part of the year 
1869, being subject to the immediate su peri n tendance and 
approval of Mr. Farrell, M. Inst. C.E.I., of Wexford. The 
cost was about £500. Since this time the siphons have 
continued in operation, and given entire satisfaction. 

Plate IX. shows the arrangement of the siphons and 

their relative position on the embankment ; each has a 

total length of about 72 feet, measured along the centre line 

in vertical longitudinal section, and is constructed in seven 

lengths, each about 10 feet long, aa shown ; the lengths being 

united together by angle-iron frames at each end 2J X 2^ X J- 

The clear section, or opening, is 7 ft. wide and 2 ft. t5 in. deep, 

equal to 17^ square feet area. The curves are made of large 

radius, to render the flow as easy as possible. The plating is 

J-inch thick, with lap joints, and in a direction so arranged 

as not to present the edges of the plates to the flow 

of water outwards. The rivets are ^-inch diameter, and 

spaced two inches apart centres. The angle irons in corners 

are 2Jx2^X i, and the four lines of longitudinal stay angle 

irons are of same section. There are ten distance stays in each 

igth of tube, made of round iron IJ inches diameter, with 

end palmed out and secured to the longitudinal angle 

,B by two ^-inch diameter rivets in each. The plan of 

constructing the siphons in comparatively short lengths had 

the advantage of enabling the most important parts of the 

work to be properly constructed in the workshop, where they 

were tested and proved staunch before sendbg away, and by 

I anticipating this work, reducing the cost more than the extra 

^K|>«xpenHe of the angle-iron uniting frames. Indeed contractors 
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should alwajs aim at reducing the amount of work to be per- 
formed on the site of erection, and espedaily in Buch out-of- 
the-way places s\a where these siphons were put up. 

On the inside ends fla,t wrought-iron frames are provided, 
to Impart stiffness, and on the outside heavy cast-iron frames 
are riveted. The gates are of green-heart timber, tongued 
and grooved, and are hung from a 1^-inch diameter axle by 
three 4X^X3-i"ch tee-iron hinges — the centre one being 
carried up to near the level of high wsiter, and by means of a 
chain can be opened from the top of the embankment. A cast- 
iron balance weight (about 2 cwt.) is bolted to the back of each 
gate, since they were not found to close soon enough without 
same. It is of great importance in tidal g.itea that they should 
he BO balanced as to remain open until the outside water ia 
practically level with that inside, and the flow ceases; then 
they should at once close. Various devices have been adopted 
to eflTect a satisfactory balance, but the most obvious arrange- 
ment is one in which the gate is balanced in such a manner aa 
to admit of ready adjuatmei it from time to time. In the present 
case this can be readily effected — first, by removing the load- 
ing, and afterwards by adding counterpoise weights to tke 
projecting T iron placed at the centre of width of each gate. 
To admit of access to the interior, strong cast-iron man-doors 
are rivettcd to the top of each siphon, as shown, having a 
clear opening of 17 inches diameter. These are provided 
with faced covei-s bolted down, and with ivooden l>liig in 
centre, so that the flow of water may he at once arrested in 
case of emergency by admitting air. Branches are cast to 
the sides of the mandoor seats, for the connexions to the air 
pump. 

The siphons were erected between two of the old sluices, 
and in a part of the embankment of the section shown on the 
plate, and were placed with a space of eight feet between 
them, in which the small house anil air pump wore fixed. 
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top of the embankment. The level of the top of 
the embankment i6 aix feet above high water spring tides, 
and the siphons are bedded four feet below the surfkoe 
at this part, so there la a clear height of two feet to prevent 
passage of water from leakage, from imperfect stnuncliing 
under the tubes. As the tubes drop to the water on either 
side, tbeir direction gradually protrudes from tlie embank- 
ment, until at low water-level they rise altogether out of 
it, and thereby do not require any dangerous removal of 
the old work; this was a most dcaimble condition to fulfil, 
and avoided any necessity for damming. The air pump for 
exhausting the tubes when starting the siphons is of small 
power, and has been found amply sufficient for the purpose : 
it consists of a single-acting cast-iron working barrel, 6 inches 
diameter and 14 inches stroke, and can be worked by one 
man. The plunger is of brass, and packed with twisted flax; 
the arrangement of crank, shaft, connecting rod, standards, 
and fly-wheel with handle, will be gathered from the plate. 
The valves (of which there are two, inlet ami outlet) are discs 
of India-rubber, and arranged so as to leave the smallest 
possible space between them, and as very little clearance is 
given to the plunger at the bottom end of the stroke, a uiinl- 
inum volume of air remains in the pump at the termination of 
each discharge. This is an important point in arranging air 
pumps, anil avoids the loss of effect due to the subsei^uent 
expansion of the air remaining in the barrel, upon the com- 
mencement of the inlet stroke. From the under side of the 
wr pump suction valve, two wrought-iron pipes one inch 
bore run to the maodoor seats at the top of the siphons, 
and are connected to same with brass cocks and India-rubber 
check valves, ho that air can be drawn from either or from 
both siphons at the same time. 

The exposed nature of the site, and difficulty of transit, 
required some care in the ei'ection of the work. This was. 
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however, cooBiderably facilitated by the tubes being at first 
miide in aectiona. These, together witli the other materials, • 
were shipped on board a small vessel, and despatched direct 
from Messrs. Grendon and Co. 'a works to the face of the em- 
bankment: and after some little trouble (owing to the loose 
stones deposited there) the whole of the material was safely 
landed on the embankment, and operations commenced by 
rivetting up some three or four of the sections; after 
removing the surface where necessary, these were laid in 
position and the puddle well rammed up underneath. The 
rest of the work continued in this manner until the siphon 
was completed, when the second one was started in the same 
way. Beyond the delays caused by severity of weather, no 
interruption took place, and the work was completed without 
the least injury to the embankment. The pitching, where 
removed, was carefully reset, and brought up close to the iron 
work. The iron work was painted in two coats best red-lead 
paint before being forwarded, and received a third coat when 
completed. 

When starting the siphons, about two hours' pumping 
sufficed to remove the air and cause the water to flow. 
Upon reference to the plate, it will be- noticed that on the 
inside the ends of the tubes are nearly level, and look in the 
direction of the line of the tubes. At this point a quantity 
of loose stones and some earthwork were drawn upwards and 
discharged through the siphon with the water until a 
cavity of the extent shown was cleared away ; this was accom- 
panied with such noise and apparent violence by the stones 
coming in contact with the stays situated between the flat 
sides of tlie tubes tiiat it was feared some injury might have 
been caused ; however, a careful examination, did not show 
any. The extent of the cavity thus formed at the inlet is 
of a comparatively small nature, and is in no way calculated 
to injure the stability of the embankment. 
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.iithor is indebted to Mr. M. J. Fairell fur some fl 
particulars of the working of the siphons aiiiee their erection. 
The number of hours worked upon each tide depends upon 
the flood-level inBide, the raasiiiiuni height of which is about 
3ft. Gin. over low water-level of spring tidca; and when this 
is the case, the siphons run about seven hours upon each tide 
(ebb and flow) on low springs in calm weather. From one to 
two inches difference in level is suflficient to cause the water 
to run in moderate weather, and the gates close when the 
outside level of water is practically the same as tlia*: on the 
inside. No pumping is practically necessary, and although it 
is usual to work the air pump for about ten minutes on each 
spring, i.e., say once a fortnight, the author believes if even 
tills were discontinued the regular flow would not be affected j 
indeed, when the siphons were first set to work a period of 
six weeks was passed over without once working the pump; 
and then upon trial, a few strokus were sufficitnt to oxliaust 
the tubes, A short time before the siphons start to work on 
each tide, tViere is always a little air in the top of the tubes, 
probablj' due to small leakage, and the abstraction of air 
from the contained water during the period of inaction ; but 
this is very soon swept out afYer a few minutes' work, and 
when the gates close, with the risjng level of water outside, 
a stroke or two of the pump will draw up water In the 
summer of 1869, the inside level of the water being low. and 
after the siphons had been at work some months, the author 
noticed a continuous stream of air drawn through the tubes, 
entering by small whirlpools close to the entrance end, while 
on the outside could be seen by the broken state of the water 
it was readily cleared out by the current. The author has 
been careful to give every information upon this matter of 
pumping the air from the tubes, since it was at first feared 
that the satisfactory working of the siphons would be greatly 
interfered willi thereby. At the same time, it must be 



mentioned that Mr. Stoney's anticipations as to tlie absence 
of inconvenience from this cause have been fully realized. 

It is difficult to give any exact particulars of the quantity 
of water discharged, owing to the defective state of the 
surrounding catchment drain, but Mr. Farrell considera 
about two inches over an area of 2,200 statute acres is the 
masimnm result, from a ten hours' run, and, eay, with a 
maximum difference of level of 3 ft. 6 in. ; this, of course, 
would be the work of two tides or two periods of five hours' 
consecutive work, five hours being the average working 
period for each tide, and would show a quantity discharged 
equal to about 445,000 tons. Mr, Anderson shows the net 
daily average quantity to be drained, as due to rainfall alone, 
to be 20,862 tons per day, but the defective state of the 
catchment drain causes such a considerable leakage as to 
greatly increase this quantity. 

Since the year 1870, the pumping engine, described in 
Mr. Anderson's paper, has been worked, and the water is 
kept below the limits of action of the sijihons in the summer, 
BO that they now only come Into operation during the heavy 
winter floods. When first started, they perfonned most 
important duty in clearing away the accumulated water 
due to the previous unsatisfactory condition of the three 
sluices, 

The closing up of the old sluice was accomplished by 
throwing down loose atones at each end, and forming a 
rough coffer dam by adding clay behind same; then by 
cutting down the embankment, the timber frame-work and 
lining of the sluices were removed, and the space closed up 
with clay, and the whole made good again. 

No appreciable wear has been noticed in the siphons, and 
the plating appears to be amply strong for the work, and ia 
kept in very good order by being cleaned and tarred once 
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The applicability of siphons in all cases of impounded water 
is of coarse limited to a height of some 20 to 25 feet, and it 
would probably be found at this height that the di£Sculty of 
keeping the tubes charged with water would be considerable ; 
bat there can be no doubt that in such cases as that met with 
in the Wexford Reclamation no better plan could be adopted, 
and the safety of such embankments would be vastly increased 
by the entire prevention of the injurious influence of leakage 
between the structure of the sluices and the material forming 
the embankment. 
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[lOthDooamber, 1873.] 

BoBERT Manning, Member of Council, in the Chair. 
On the Discharge of Tidal Sluices. By Charles P. 

CoTTON, President. 
In the fourth volume of the Tranaactiona of tliia Institution 
will be found a. paper by Mr. Terence Smith on self-acting 
sluice doora, liaving particular reference to, and detailed 
description of, the doora of the aluicea at Ballyteigue, ifi the 
County of AVexford. 

The essential feature of the design of theae aluicea was, 
that the door was to be always either fully open or quite shut, 
no permanent intermediate jioaition being possible. 

To accomplish this it was necessary to nialse the doors of 
Buch materials and in audi proportions that the wliole should 
be of the same density aa se.i water, and secondly, it was 
necessary that the sluice sliould be laid entirehj below low 
water of spring tides, so that to the very last moment of slack 
water the door sliould be able to float in a horizontal position. 

This may be termed a perfect door for a tidal sluice. 

Of course the trouble of laying the work so low as several 
feet below the loweat springa muat be conaiderable, and it 
might at first sight appear that the gain may not be correspond- 
ingly great. Every case must, of course, be treated by itself, 
but to all are these two things common, first, that for the last 
foot of ebb, and firat of flood, the acting head is the greatest, 
and second, tliat the time available for discharge under this 
maximum head, namely, that occupied by the subsidence of 
the Ebb through the last foot (or unit of height), and the rise 
of the Flood through the same, is far greater than the time of 
the variation of the tide through an equal space at any other 
period until high water ia approached 

For instance, take a I2-feet range of tide. In this case tlie 
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tide will subside from the half-range nr menn lerel thruu^n 
one foot in 19 minutes, while 71 minutes ^vill be occupied bn 
its aubsidence through the last foot of the ebb. 

It need hardly be remarked tliat the fact of the sluice beine 
eubiuerged has no effect on the dii^charge, provided 
channel outwards be clear. 

Having had occasion to refer to Mr. Smith's paper, thftl 
author naturally expected to find it followed up by some io-M 
estigation into the duty of the sluice, and ita superiority ove»j 
ordinary one; but if such an inveatigation were made ail 
time the reaults were not publialied. 

On referring to the standard works on hydraulics, sevei 
cases will be found of discharge under heads varying according 
to different laws, reduced to mmpie formulic; but nowhi 
can I find any attempt so to deal with a head varying accord" 
ing to the action of the tide. 

Again, the effecta of many kinds of obstructionB, a 
bends, &c., are given, and formula for ibem deduced from I 
experiments, but no such investigations have been made by I 
which we might learn the effect on the discharge of a sluice I 
by ita flap being constructed of a solid cast-iron plale, 
construction," as Mr. Smith well expresses it, " which could | 
originate only in the most total disregard of aelfaction." 

The subject therefore may be divided under two hcoda; — ' 

1. The discharge during a fide, supposing the sluice to bd* 



I 2. The effect on the discharge of the doors being variouslj^l 
d as to height, and being formed of different uiatenalg. 
The first is ihe subject of this paper, 
k The case which it ia proposed to examine now is that of a 
tract of land recluimcd from the sea by an embankment which 
lias in it, or rather under it, a sluice with a ptr/ect door. It 
will be assumed that the reservoir, or ponding space, for the 
lulation of drainage water and rainfidi is sufficiently 
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large to prevent any appreciable alteration in its level during 
tlie time the sluice ia open. 

Let A denote the cross section of the sluice. 
D the duration of a tide (about 6"' 12"') 
R the aemirange of a tide. 

H the height of the reservoir surface over low water. 
T the time the tide takes in receding from the height 
H to low water. 

h the height at the time ((), both measured or counted 
from low water. 

Q the quantity discharged. 

/ the factor of the sluice, i.e., the ratio of the actual to 
the theoreticul discharge. This factor is determined by ex- 
periment for the particular class of sluice, being a function of 
the shape and position of orifice, of the approaches, &c. It 
must be borne in mind that this factor for each case ia not 
indeterminate, but well known. 

The quantity discharged during the small portion of time 

dfia:— _ 

rf Q = / A ^-Jff v/H-A dt. (1) 

and the integral ofthis expression between the limits of any two 
values of h or of ( will be the vahie of Q between those limits. 
The first step is to ascertain tlie relation between h and t 
so as to eliminate one of them, or to substitute a third variable 
for them both. 

This relation is expressed as follows; — "If you represent 
by the vertical diameter the total range of the tide, then the 
times taken by the sea in rising to different points on that 
diameter are re[iresented by the lengths of the arcs of the 
circumference comprised between the origin and horizontal 
lines drawn through the corresponding points of the diameter, 
so that the semi-circumference will represent the total time 
elapsing between high and low water."" 

" Miuard — "Ouvrages hydnMiliqiiBB (Ibb pnrtB Hb mer." p. 5. 
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This it will be seen at odcc iu expressed hy — 
A = R fl— COS 180°^) 

which 180° g is the angle in the figure. Plate II., Fig, 1. ' 

Expressing fi, t, and dt in terms of -^ the discharge betwt 
: H and A = 0, that ia from the tnoment when the aliiii 
. begins to act till low water is given by the equation. 

Q = 2 /A v/2l/^5'^H-2Bain.'».jl (2) 

, Thia is not directly integnible, but taken between 

nitfl of = and 9 = the angle corresponding to II, it • 
tappens that the portion under the integral represents ttri 
BclifiBrence between a hyperbolic quadrant and its ftsjmpiotejj 
§ihe seaiiaxia being equal to \/n, and focal distance fromn 
IjOentre ec|ual to y/ :J K. 

Hence the rutue of the integral can be got by au easy 
r^phic method. Plate II., Fig. I. 

Make AB = y/U. and AC = y/lB.. Conatiuct the 
liyperbola by drawing a Berieii of lines to the circle D B from 
EC, and, where each meets the circle, drawing a perpendicular. 
rThese perpendiculars envelop the hyperbola. The next step, 
^iB to draw a parallel to the asymptote, cuttiog the curve aa 
far from B as the limit of the drawing will jwrniit. Then, 
with a compaaB, step from B to E and bach to E G. Draw 
A F perpendicular to E G, and F G (measured by scale) is the 

I value of the integral. Tliis multiplied by the constants, aa 
above, gives the discharge during the ebb, which must be 
'doubled to get the entire difechsuge during 12 h. 24 m. 
The discharge is usually got by dividing the lime of the 
sluioe's action into a number of equal parts, ascertaining the 
acting head due to each and adding up the Sy'^h. 
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As examples of the two methods, the author has taken out 
the discharges under the ranges and heads given in the 
following table, in both ways, having used for the graphic 
method a scale of two inches to one foot. 



R 



H 



Discharge 

by Graphic 

Method 



Discharge by 
Calculation 



2^/A -r- T\/h 



Feet 


Feet 


10 


14 


10 


13 


10 


12 


10 


11 


10 


10 


10 


9 


10 


8 


10 


7 


10 


6 


10 


5 


10 


4 


10 


3 


10 


2 


10 


1 



7 
7 
7 



6 

4 
1 



Minutes 
235 
222 
210 
198 
186 
174 
162 
150 
137 
124 
110 

94 

76 

63 

169 

136 

64 

186 



Cubic Feet 

198,201 

182,671 

167,298 

151,314 

135,684 

120,411 

106,206 

92,352 

78,866 

65,712 

*50,439 

38,718 

26,640 

12,786 

94,490 
62,166 
16,276 

7],078 



Cubic Feet 

197,973 

180,798 

165,018 

149,778 

134,733 

118,248 

105,894 

91,908 

78,177 

64,614 

51,321 

38,223 

25,310 

12,570 

95,298 
62,136 
14,902 

70,882 



•748 
•753 
•767 
•759 
•763 
•766 
•770 
•778 
•775 
•777 
•779 
•781 
•783 
•786 

•767 
•776 
•775 

•778 



* There was clearly an error Iiere ; it is left uncorrected to show the practical 
mai^in of error. • 
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1 each case the aperlure. ia taken as one square foot, 
and the factor aa 30().* These quantities do not, however, 
affect the general question. 

Several interesting results ajipear from these figures, 
besides the confirmation of the graphic method. 

In the fii"st place, the result by the graphic method 19 
in excess of the other, as, of course, ought to be the case. 
There are two apparent exceptions to this, the result, no 
doubt, of errors. The author has preferred to leave them aa 
they were worked out, showing what margin of error may be 
expected in practice. 

Again, the compound relations of heads and times of acting 
are so intricate that a 3-fect semi-range acting with a S-feet 
head, discharges nearly twice as much as the same head with 
a 10-feet semi-range. 

But the moat important deduction is that given by the 
figures in the last column. In this column, under the head 
2(>/A -=- Ty/ H, we have, as will be seen at once, the factor, 
■which if applied to the discharge, calculated as for the whole 
time T, with the maximum head H, will give the actual 
discharge under the varying head. 

It will be seen that the limits within which this factor 
varies are email, from '75 to '79. I have not considered it 
Tiecessary to go into cases where the height is more than 
seven-tenths of the whole range of tide, as such cases can 
hardly arise in praclice; but I may point out the niinimum 
value of the factor, which is when H = 2 R. In this case the 
asymptote and quadrant of the hyperbola, both merge in the 
axis, and consequently the dilFcrence between them is equal 
to \/ll, and the discharge is 

• Q = / A v/??. U Iv^H 

Tie factor is then, of course, equal to — = tiSGS, 

■ Beardwood— " Manual of Hydrology," 18fl3, p. 3. 
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which I have verified by calculation, resulting in a factor 
of 633, which is, as might have been anticipated, slightly 
under the true one. 

The rule may, therefore, be laid down that the discharge 
of a tidal sluice in perfect order, and constructed in the best 
way, is seven-ninths of what the dinchargo would be if the 
maximum head were acting all through, that is, for the time 
which elapses between the Ebb receding below the level of 
the interior reservoir and the Flood rising to the same height. 
Q = J / A ^rS T ^/H. (3) 

Any irregularity arising from the variation of tlie factor, 
thus expressed, from the true one, will be swallowed up m. 
the unavoidable irregularities attending all cases such as the 
discharge of sluices. 

One thing is manifest, namely, the importance of securing 
the perfect action of a tidal sluice during the last period of the 
Ebb and the first of the Flood. 

The author is indebted to B. Williamson, Esq., F.T.C.D., 
for the suggestion of the hyperbola, used in this paper. 

The time of employing the graphic method is not one- 
fourth of that taken up by the calculations. 
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Charles P. Cotton, President, in llie Cliair, 

Si the Faildbe of the Beacon on the Aldern or Aldeb- 
I Socks in Crookhavbn Bat in i/ie year 1865 By 
fc President. 



IHE records of f'ailurea of structuree are always of the greatest 
■ufficlently precise and detailed. It may be that a 
[ is thus given of a source of danger hitherto totally 
unsuspected, or, as in tlie case of this beacon, some practical 
information is afforded by what is observed during the failure 
that could only otherwise be matter of surmise. ■ 

The author in using the word " failure " does not infer any 
■want of skill or care in the design or execution of the work. 
As a matter of fact the work of this beacon was done in the 
most excellent manner. 

As regards records of failures, no I'ecord of the foJIure of 
an engineering structure can be without its value, provided it 
states as facts only what are really so, as it must afford, 
perhaps by itself, perhaps in conjunction with other records, 
some data on which the application of theory to practice may 
be brought a step nearer to perfection. 

With regard to the application of theory to practice, it ia 
sometimes not sufficiently borne in mind that the real value of j 
theoretical knowledge to our profession is that it teaches us 
how to manipulate the data rt'hich we accumulate from 
experiments and experience. As then the value of theory is 
to a great extent dependent on tiie number and accuracy of ' 
experiments and practical observations by which it 
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rendered available, records of facts accomplished, t 

failui-es, are alsvajs valuable, and should be acceptable subjects 

for papers in thin Institution. 

At the extreme south-west corner of Ireland lies the 
Harbour of Crookhaven. The mouth of the harbour faces 
the east, and ia about half a mile wide between Hock Island 
on the north and the Aldern Rocks on the south. 

The rocks consist of a kind of slate, very much broken and 
shattered ; the strike being nearly east and west (true) and the 
dip 80° south, they have assumed the shape of long ridges, 
running out in an easterly direction. On the extremity of 
one of these spurs the beacon was placed. 

TJie design was that of a caet-irou casing, bolted to the 
rock, and filled with masonry, in cement, the whole being sur- 
mounted by a mast, carrying a large cast-iron octohedron. 

In shape it was the one-half of a circular spindle. The 
height being 31 feet 6 inches to whe^e the curved sides would 
meet, and the diameter of the base il feet, it follows that the 
radius of the generating circle was 110 feet. 

The casing was composed of cast-iron plates of varying 
thicknesses, from 1^ inches to f ths of an inch. 

Each plate was 6 feet in height, and formed exactly one- 
ninth of the surface of the tier in ivhich it was placed. Round 
the edge of each plate, and horizontally across its middle there 
were deep strengthening flanges, by which the plates were 
bolted up together. The bottom tier of plates was furnished 
with a broad base flange, through which "passed eighteen 
holding-down bolts 1| inches square, and sunk about 5 feet 
into the rock. 

The hearting was of stone, laid in cement niortiir. This 
was carried to a height of 24 feet 6 inches, and capped by a 
strong cast-iron plate, in which the mast was stepped. 

The mast was of wrought- iron, 2^ inches in diameter, and 15 
feet 6 inches long, of which 6 feet projected above the spindle, 
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id was surmounted, as before mentioned, by an octolieJi'on 

cast-iron. ThU octoliedron was originally designed to lie 

light wrought- iron, instead of a very heavy caating. 

The beacon was furnished with a refuge ladder and gallery. 

One evening in April, 1865, the beacon was seen to be all 

right, but the next morning it was found to have heeled over 

to the north, at an angle of between twenty and thirty degrees 

from the vertical. 

On examination it was found that it had turned on the 
ittoin edge of one of the lower platee, and had drawn up 

ly all the holding-down bolts. 
In this position, it having been painted wliite, it was mis- 
Leu by a friend of the author for a yacht entering the 
rbonr. 

It thus remained without alteration until November in the 
ear, when, as it was being taken to pieces, it heeled over 
and sank in deep water, 

The first point to be observed is that the edge of the plate 
which it turned was quite uninjured, showing tlmt in esti- 
tnating its alability, or that of a similar structure, the moment 
of resistance to heeling over may be taken as the weight 

I multiplied by the full half base without any qualifying factor 
1^ safety. 
itThe second ia that the holding down bolts were uselesa 
constituting a portion of the strenglh of the beacon. 
Indeed their sole duty was to seiiure the lower portion of the 
casings during erection. In such a position aa this, where 
the rock is only dry for a very short period of each tide, 
the fitting of these bolts, no matter what care is taken, can 
never be perfectly done. The consequence is that; in case 
of the beacon having to resist a shock, the strain comes on 
only one or two at first, and they are all thus conquered in 
detail. 

Weight is the niainstiiy of those works, .and, except in 
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cases where the neceasity of the structure interferea, should 
be looked to as the chief source of stability* 

The author has had the quantities, weights, &c., of this 
beacon very carefully taken out, involving some rather nice 
calculations, and he finds the data on which the stability of 
the beacon may be considered are — 

Weight of masonry, - - - 65'5 tons. 

Weight of iron, - - - . 13-7 tons. 



Total weight of beacon, 



79-2 tons. 



Height of centre of gravity over base, 9'469 feet. 
Hence we know that the moment' of resistance to overturning 
was at least 3564 feet tons. 

One consideration in the present case convinces the author 
that this beacon succumbed to no ordinary sea; it is this — 
On the morning when it was first seen to have been damaged 
it was in such a position that the centre of gravity was nearly, 
if not quite, vertically over the fulcrum on which it had 
turned. It cannot be conceived that a wave or succession of 
waves having effected so much of the overturning would not 
have completed it. It may be conjectured that the failure 
must have resulted from a. heavy sea, combined with a sliock 
from some floating wreck of some kind that caught it high tip, 
bending the projecting six feet of the mast as shown on the 
drawing. Should this have been so. the blow would have 
been given and passed, and then its remaining held by the 
few of Ihe holding-down boltJ5 that then came into play can 
be understood. 

The author makes two suggestions arising from this failure. 
First, with regard to the holding-down bolts. 

It is quite clear that if one bolt can be secured in the centre 
of the base, whose sectional area is equal to the collective are^ 

• Hee ■• Stevenmn'B AoconDt of tlie Skerryvore Liehthtmae," pp. SO et wq. 
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tboae all round the base, the same duly will be done by it 

by the 18 separate ones, as the product of any number of 
multiplied by the distances of their several centres of 
gravity from a plane ia equal to the collective area multiplied 
by the distance of the common centre of gravity. 

The author thinks a more efficient plan would be to jiecure 
a bolt whose sectional area would be 28 inches in the centre 
of the base, and thus get the full value of its asaietance against 
overturning. 

And further, in many instances, of which the Aldern Rocka 
beacon was one, where the danger comes only from one side, 
advantage might be taken of this to place the holding-down 
bolt excentrically, and get still further duty out of it. 

Many ways of designing this will occur to eiery one. 

The second suggestion is one which might be practically 
I such structures with great advantage. 

In the south and west of Ireland there is a ready supply of 
a rock, sulphate of barytes, in appearance resembling statuary 
raarble, but with the important quality that its density is 4-4. 

Now, for works where weight is of great importance, such 

this beacon, the filling might be made with a concrete of 
barytic atone and Portland cement. 

The weight of this concrete is estimated at 252 lbs. per 
cubic foot, which exceeds the weight of masonry filling in the 
ratio 5 to 3 in air, and in sea water, when both are immersed, 
the relative weights will be 184 lbs. and 96 lbs. per cubic foot 
respectively, or in a ratio of very nearly 2 to 1. 

The weight of this beacon, if filled with barytic concrete, 

mid have been 113 tons instead of 79 tons. 

The cost of such a concrete would be not more than 

masonry, and might be much less, as a large amount of the 

minend is raised and abandoned as unfit for manufacturing 

purposes, owing to impurities, which would no way affect its 

ity for the purpose of forming concrete. 
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Tbere are many other purposea for which such a heavy 
filling will no doubt be advantageous — they will auggeat thera- 
Belvea to all^ — but for such service as this beacon it is pre- 
eminently adapted. 

The author's idea of barytic concrete haa been communi- 
cated to some of the highest authorities on aea works, and it 
haa been very favourably received. 

The importance of gaining additional weight without 
increasing the surface to be exposed is admitted on all hands, 
and if once introduced into practice in a aingle instance it 
would become universal where the price of the material would 
admit ; and as to this, in no works is an iucrease in expendi- 
ture so readily sanctioned, and deservedly so, as in lighthoueea 
and beacons, wliere there is any certain additional security to 
the work or advantage to the public to be gained by it. 

It haa been suggested that the iron casing might be 
dispensed with altogether if the barytes can be procured of 
sufficient hardness fur building it of "concreie rubble," i.e., 
with small atones and Portland cement. Two beacons have 
lately been built in this way by the Board of Northern Lights 
in very exposed situations. Mr. Thomas Stevenson haa 
proposed to adopt this plan for building lighthouses. (See 
"Nature," September, 1871). 

There can be no chemical action whatever between the 
barytes and the cement or the iron, nor, if the barytea could 
be obtained fit for building, would there be any weatliering. 
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Chaeles p. Cotton, President, 

In the Chair. 

i The following Candidatea were ballotted for and duly 
icted :— 

FoLLioTT Barton, John II. Bkett, Charles R. 
xALWEY, John J. F. Greene, John Lokgfield, 
Robinson Souttar, aa Members; Thomas J. Dixon, 
Nathaniei. L. Falkiner, as Associates. 

V The President then delivered liis Addresa as follows: — 

Gentlemen, 

My first duty is to return to you, fellow-members, 
my thanks for the honour which you conferred on me when 
you elected me to fill the chair of this Institution, a dignity 
of which I may well be proud when I look at the names of 
those who have preceded mc. 

From the foundation of the Institution in 1835 until the 
year 1858 it was not customury for any Presidential Address • 
to be delivered. Since then your Presidents have each per- 
formed the duty which is before rac to-night. 

As may naturally be supposed, I have studied these 
addresses that I might avoid repetition, and not take up 
any speciality which has already been dealt with by abler 
hands. 
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Tlie history of Engi 



T in Ireland has been most fully 
B up to the date of his address. 



igmeennj 
given by the late Mr. Mullin 
May, 1860, Without attempting to continue it with the 
aame detail, I may glance at some of the principal engineering 
worktj carried out in Ireland since that date. 

In railways, though a very large additional mileage has been 
added since 1860, with the exception of the line from Athlone 
to Westport and Ballina, and the extension from Wicklow to 
Wexford, which are really new trunk lines opening up the 
Counties of Mayo and Wexfoi-d, the additions consist of small 
branches and extensions to the main lines. The total mileage 
now completed and open is 2,066 miles. 

Considerable attention of late years has been turned to the 
narrow-gaiige system of railway, typified in the Festiniog Rail- 
way, BO well described by Captain Tyler in the 24th volume 
of the Transactions of the Institution of Civil Engineers. 

This little line, on a 2-feet gauge, is a marvellous success, 
but in introducing it into any argument about the gauges, it 
should be remembered that it was not dedgned as a light 
locomotive railway. It was originally a mineral tramway for 
the conveyance of one peculiar class of material — slates — which 
form a very heavy load in a small compaEs; hence the narrow 
gauge originally determined on. 

It is not correct to take, as is usually done, the narrowness 
of gauge as a direct index of cheapness of construction. It 
influences it, no doubt, to a great extent in the cost of per- 
manent way, bridges, and rolling stock, and to an extent in the 
cost of earth works, which depends on the nature of the country, 
the saving being very small in an open easy country, and 
large in a mountainous district, where the works may be 
reduced by very sharp curves. On the latter point, however, 
I am certainly of opinion that we shall see very much sharper 
curves introduced in time into the wide-gauge system. Not 
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ars ago half a mile was the mmiinum radius of curves 
in general practice, and the ruling gnulient 1 in 100; but 
the exigency of the case in various instances haa compclleil the 
adoption of far different curves and gradients, so thnt we now 
find a curve of G chains on an incline of 1 in 40, whicli would 
formerly have been pronounced quite impracticable, and in 
another instance, what I think atill more remarkable, an S curve 
reversing without any straight, the curves being 7J chaina 
radius, and so situated that no superelevation can be given to 
the outer rail. Hence, 1 think, too much importance is given 
to the influence of narrowness of gauge on economy of works. 

The narrow-gauge system is being introduced among us, on 
a railway in the north — Ballymena to Cuahendall^ which it is 
expected will be opened for traffic in a few months, and in the 
west on the Ennis and West Clare Kailway. Both these are 
inatances of independent railways, not branches. The question 
of the narrow gauge has been often discussed, and I will not 
now go into it further than to express my conviction that time 
will show it is only suited for independent lines, whose traffic, be 
it goods or passengers, is local, and not carried for tranship- 
ment at the end of a broad-gauge line ; and that for all branches 
the system to be adopted where the traffic is amall, and it is 
a question of a cheap railway or wo railway, the right plan 
will be found to be that of light permanent way on the. 
ordinary gauge. 

In the discussion on Mr. Thornton's paper on the gauge of 
the State riulways of India, read before the Inatitution of Civil 
Engineers, I find an example of this class of railway on a 
branch of the Great Western to Brixham, and another, the 
details of which were brought before you by Profesacw 
Downing, a branch from Quainton Koail station to Wotton, 
the aeat of the Duke of Buckingham. 

Sir Charles Fox, when consulted about the gauge of the 
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Indian Tramway, wrote- a long report, in which lie advi^-ei] 
that the Com{»iny'a lines sKould sot be made tramways, but 
light railways, the load ou each pair of driving wheels being 
limited to the greatest load that could by possibility come 
upon any pair of wheels in n train. All the rolling stock of 
the parent lines, except the locomotiveB, might with safety be 
carried on rails of not more than 35 lbs. to the yard. Sir 
Charles Fox recommended a narrow gauge of 3 feet 6 inches 
for Queensland, but he expressly said that were it not for the 
sliarp curves required, he would not have done so, and it must 
be noted that there were no existing railways in the country 
at the time. 

It is not, perhaps, generally known that there is a special 
Act of Parliament empowering the Board of Trade, after 
having inquired into the circ urn stances, to sanction the 
opening of light railways for piieaenger traffic. 

In an easy country, such as the interior of Ireland ia, the 
saving of a ii-feet gauge line over one of the ordinary gauge 
laid vrith light rails, at the outside would not amount to £500 
a mile. 

A great deal of the activity now apparent amongst the 
Irish railways is due to the competition of the great English 
Companies for the Iri^h traffic. We find the London and 
North Western constructing a harbour at Greenore, sub- 
scribing to the cost of the Phoenix Park Railway, and 
lending a large sum of money to the Dublin, Wicklow, 
and Wexford Railway. Again, we have the Watcrford 
and Limerick Railway, with its ramifications to Tuain, 
Killaloe, Foynea, Newcastle, and, before long, Tralee, in 
alliance with the Great Western. Two ycara ago the latter 
company got powers to run steamei's to Waterford, and 
were oidy refused similar powers to run to the new harbour 
at Rosalare, because the harbour was not then constructed. 
When it is, and a sea passage fi'oni the south of Ireland to the 
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iDutli of England, shorter than that trom Kin<;stown to 
Holyhead, is estjiblisheil. a very keen cuni]>elition may be 
expected. 

Since the year ISfifi there has bi'en but little done in the 
way of the promotion of new railway ^heineij, but there now 
appears to be gomething of a reaction. 

One thing that possibly may conduce to this is the fact of 
the purchase by Government of Irish Railways being defi- 
nitely declined. As long as that question was in ^u^penee it 
Ipuld not be expected that capital would be erubarkcil in 

w railways. 

The number of Bills lodged for the ensuing Soseiou of 
Parliament was 281, of which 33 related to Ireland, 22 of 
them being for the construction of new works. 

Two Irish Bills have been lodged for the reclamal ion of slobs 
t'rora the sea^a kind of enterprise to which the attention of 
capitalists is not at all sufficiently turned. You arc all, 
doubtless, aware of places where such reclamations would be 
easy and remunerative. In many of what would be the 
easiest and best, an Insuperable objection arises on the part of 
the Marine Department of the Board of Trade, who jealously 
guard tiie backwater if in any way affecting the navigation; 
though they have iusome instances, as at Wexford, allowed the 
reclamation of thousands of acres inside the harbour's mouth. 

Many years ago a company was projected to undertake 
reclamations in various places in Ireland, and estimates were 
prepared for Mr. Dargan, by Mr. Le Fanu, of the cost of 
reclaiming the following, among other slobs:— Cnstlemaine, 
Poulnasherry , Querrln, Clonderlaw, Tarbert, Dungarvan, 
Youghal, Barrow. The estimated cost varied in the different 
reclamations, and sometimes in different parts of the same 
reclamation, the highest being £57 per acre of reclaimed land, 
and the lowest £12 Sa. per acre. 

An attempt was made, nnd the greater portion of the 
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works cotnpleted, to reclaim Poulnasherry slob, but the bank 
hae never been closed. Thia bank was intended also to carry 
the Kilruah and Kilkee Railway. 

In addition to the Bills I have mentioned as having been 
lodijed relating to Ireland, notice has been given that it ia 
intended to apply for an Act to empower the Commissioners 
of Public Works in Ireland, to remove obatructions in the 
River Shannon, to prevent floods, and remove flood watere, 
and for other purposes. 

The uncertainty arising from the price of labour, and that 
of the price of materials, combine at present to cause a large 
difference sonietimes between estimates and tenders. Several 
men tendering for the same work may be all equally good 
and experienced contractors, but the tenders will show 
discrejKmcics arising from the different margins put on to 
cover alterations in price of labour and materials. 

The following list of prices paid to each labourer per day 
on Mr. Dargau's and Mr. Thomas Edwards' works, from 
1830 to lt^74, is well worth recording: — 



1830-32 
1832-34 
1834-39 

I83S-42 
1841-43 
1844-50 
1849-SO 
1850-51 
1851-52 
1852-53 
1853-54 
1854-50 
1854-58 
1855-59 
1856-58 
1856-58 



Kilbeggan Canal 

Kingstown Railway 

Ulster Clanal 

Ulster Railway - - . 

Dublin and Drogheda Eailwaj - 

Great Southern and Western Railway 

Midland Groat Western Railway 



Mallow and Killamey 
Portarlington and TuUamore 
Muilingar and Cayan 
Limerick and Foynes 
Banbridge and Scarva ■ 
Monaghan and Armagh - 
iSallymcna and Pui'triuih 
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1657-^9 Tullamore and Atlilone - 

ISd7-59 Limerick BDd EnniB. 

1 858-tiO Mallow and Fennoy 

18tiO-G6 Dublin, Wicklow, and Wexford - 

1873 Sanw - 



These figures show that while In 18S0 the price of labour 
on conti'act work waa 7s. per week, it rose soon to Ss,, where 
it remained until the year 1850, rising to 10s in 1854, 11b. in ' 

1859, niid now to 14s. per week. I 

Those are all in country pUices. It should be noted that I 

the prices given on railway contracts always exceed that of I 

the neighbouring country, owing to the work being harder 

«nd the weekly sum liable to be considerably reduced for 

wet days or parts of a day. 

It may be interesting to give a short reawnS of the various Bwiwaj* 
. . . in Dublin. 

projects which have been, from time to time, put forward for 

the purpose of uniting the different railways which have 

termini in Dublin. 

The idea first originated with the eminent engineer, 
Charles Vignolcs, whom we number with pride among our 
Past Preside nta. 

So long ago as 1837 Mr. Vignoles proposed to connect 
Westland-row Station with the then contemplated terminus of 
the " Cork Main Line," at Barrack- bridge. 

Mr. Vignoles' plan may be briefly described as that of a 
railway supported on girdere on the top of a double row of 
handsome stone columns, one row being at the edge of the 
curbing of the footway along the South Quays, the other row 
being in the river. This colonnade continued until Carlble- 
bridge was nearly reached, when the line woidd have crossed 
over Westmoreland-street by a bridge, and gone on then to ^ 

Westland-row. 

Mr. Vignolcs ^^ontcmplnted no junction with the Nwtlieni 
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Lines, and the Midland Great Weetero was not then proposed. 
His principal, if not sole object was to connect Kingatown 
Harbour with the middle and centre of Ireland, for the speedy 
transit of mails and passengers. 

I should not omit to mention that combined with this 
railway projiict was a plan by which the foundations of the 
river pillars were to form a catch-drain sewer for the entire 
of the south side of Dublin, from Kingsbridge to Carlisle- 
bridge. 

With few exceptions, this direct connexion between Kings- 
bridge and Westland row has been the guiding star to all the 
engineers who have since presented the public with their 
respective schemes. 

No attempt was made after this, as I'ar as I know, to bring 
forward the idea of a Junction Railway in Dublin until 1859, 
when it was taken up by Mr. W. E. Le Fanu, ivith the 
concurrent assistance of all the traffic manngera of the different 
Kulways. The plan then sketched out was to unite all the 
lines by a i-allway starting from the mouth of the Dodder, 
and in connexion by means of tramways with the South Quays, 
crossing and connecting with the Kingatown Railway near 
Sydney- parade, crossing the Wicklow Railway at Major Sirr's 
Avenue, aud thence running through Kathgar to the Great 
Southern and Western, and on to the Midland by a route 
almost identical with the Park Line now being made, thence 
by the side of the Royal Canal, where the Liffey Branch is 
now made, picking up the Drogheda Hallway, and terminating 
in a very large goods station at the North Wall. 

It is remarkable how Mr. Le Fanu's plan has been and is 
now being carried out in detail. The first portion was nearly 
identical with the Kingstown Connecting Railway from 
Sydney-parade to Ranelagh, afterwards legalized but aban- 
doned; and the latter, almost the same as the Liffey branch 
of the Midland Great Western and the line now being 
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carried out by the Great Southern and Wealern. I have 
little doubt that in time we shall see the connection from 
Ranelagh to Kingabridge ft! so executed. 

Shortly after this Mr. Blakiston proposed a plan, which 
practically, to a great extent, would huve replaced the Grand 
Canal within the euburbe by a railway. 

Nothing further was done until, in November, 1862, Mr. 
Barry startled the Corporation with his Dublin Metro^jolitan 
Railway, with high-level croeaings over Weatnioreland- street, 
D'Olier-atreet, and the River LiiFey below Carlisle-bridge, 

No connexion with the Midland Railway was proposed, but 
its obvious feaaibility was pointed out in Committee. 

Mr. Barry having abandoned a portion of his plan to get 
rid of the opposition of the Port authorities, carried hia Bill 
before the Lords, In spite of the opposition of the Cor- 
poration, but subsequently abandoned it. 

Mr, Hemans, in Committee, proposed a circular connexion 
withacentralsta,tionin Rutland-square, and Mr. Le Fanunow 
first brouglit out the idea of going under Westnioreland-Btreet. 

In the following year a flood of schemes set In. Mr. Barry 
brought forward again the Dublin Metropolitan Railway, 
altered from last year by the addition of a branch to the 
Midland, and by the adoption of the idea of going under 
Wes tmoreland-atreet. 

Mr. Barton designed the Dublin Railway, the principal 
feature of which was a central station between Dame-street 
and the River Liffey, at some height over the surface. From 
this station three lines went westwards — one to Kingabridge, 
one to Harcourt-street, and one to Broadstone. No counesibn 
with Westland-row was attempted, but Mr. Barton proposed 
to take the Kingstown traffic by a connecting line to and 
through Harcourt-street Terminus. 

Mr. Hemans designed the Dublin Grand Junction Railway, 
which had no central station, but connected all the lines by a 
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railway running from Kingsend Docks round by the Canal to 
KiDgabridge, and thence across the Park to the Midland. 

Mr. Hassard also brought forward a simple connexion 
between Kingsbridge and the Midland Railway. This had been 
previously proposed by Mr. Hemana and Mr. Le Fanu jointly. 

The remaining proposition of this year was called the 
Dublin Trunk Connecting Railway, and was designed by Mr. 
Mallet, Past President of thia Institution, and Mr. Burke. 

It, like Mr. Hemans' line, had no central station, and may 
be called a general railway connexion from the Kingatoivn 
Railway at Ringsend " north-abouts," whereas Mr. Hemans' 
was " south-abouts." 

The principal feature of the Trunk Connecting Kiiilway 
was its tunnel under the Liffey. 

As might have been expected, the fight in Parliament was 
a long and serious one, and ended by the Committee, who 
had at one stage of the proceedings indicated that a central 
station was a sine qua non, adopting the Trunk Connecting 
Railway, to the astonishment of every one in the room ; and 
not the least astonished, I take it, were the promoters of the 
Trunk Line themselves. 

You all know the end of this proposed railway. 

At the same time, 1864, an Act was passed for the Rath- 
mines, Ac, Railway, Mr. H. Brett, Engineer, which has since 
remained a dead letter. 

In the succeeding session an Act was obtained for the 
Dublin Metropolitan Junction Railway from Harcotu't-street 
to Kingabridge, Mr. J. Kineaid, Engineei-. This also has re- 
mained a dead letter, as has also been the fate of the Kingstown 
Connecting Branch of the Wicklow Railway from Ranelagh 
to Sydney -parade, for which an Act was obtained. Cotton 
and Flemyng, Engineers. I may, of course, be prejudiced 
in the matter, but I do think this last line contains the 
elements of a great success. 
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L proposition was brought forward by my firm in 1868-9 
and 1869-70, for a large and commodious low-level elation 
near D'Olier- street, to replace West land-row, but the ehare- 
holders of the Wicklow Company would not sanction it« 
being proceeded with. 

In 1870 Mr. Browne, En^neer to the Great Southern and 
Western, made two propositions for connecting, in Dublin, the 
Kingebridge Terminus with the North Wall. The first, a 
sort of second edition of Mr. Vignoles' plan, was proposed to go 
along the north quays on pillars to the North Wall. This waB 
opposed by the Corporation, and then plans were lodged for 
the present Park line, but withdrawn subsequently. 

In 1871-2 Mr. Browne again lodged plans for the Park 
line, and Mr. Barry brought forward a new plan, called " The 
Dublin Central Station Railways." 

In this year also an effort at revival was made by the Trunk 
Connecting Company, who now assumed the new title of 
Dublin Port and City Railway. 

Plans were also lodged by Messrs. Cauley & Newton for 
the Dublin Central Stations and Railways, but the Bill was 
not proceeded with. 

Mr, Barry's plan, of 1871-2, was to go from Kingsbridge 
down, under, and along the south quay, emerging and rising to 
a central station covering the river between Eaaex-bridge and 
Carlisle-bridge, with under-ground branches on the north to the 
Drogheda Railway, and on the south to the Kingstown Railway, 

Of these Mr. Bi-owne's line alone was sanctioned. 

Again, in 1872-3, Mr. Barry came forward with a central 
railway project, not unlike his proposal of 18fi4-5, This bill 
was not proceeded with. 

In 1872 the Wicklow Railway Directors offered their Board- 
room for the exhibition of such designs for connecting railways 
in Dublin as might be submitted to them. In response the 
walls were adorned with several plans, one by Mr. Barry, 
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^H embodying a new feature of an underground connexion 

^H between Weatland-row and tlie authorized Trinity-street 

^H Terminus of the Rathmines Railway. 

^V There waa also a plan proposed by Mr. John Edwards for 

H^ a connexion between Kingaljridffe and West! and -row, and a 

^1 branch down to the end of the south wall. 

H Among the pinna was one which my firm had submitted to 

H the Wicklow Boanl for the D'Olier-strect extension, with a 

^t slight alteration in levels, so as to allow of its being carried 

^M on over the river to Amiens-street. 

^M Mr. Barton sent a plan identical with mine. 

H Mr. J. Chaloner Smith submitted a plan not unlike mine 

H 03 to its course, but differing in this, tliat Mr. Smith proposed 

H t-o put the station over the River Liffey. 

H A plan *vas also proposed by Mr. Price, adopting the low- 

H level D'Olier- street station, with a branch going eastwards, 

H under and across the river, to the Drogheda Railway. 

^M In this year also a most comprehensive scheme was pro- 

H posed by Mr. Stoney, Past President, but it was never publicly 

H announced. 

H This year Mr. Barry again lodged plans, which I have not 

H seen, but which I understand may be described as a line 

H joining Kingsbridge and Westland-row with a central station, 

H and a line from ne;ir Milltown Station, on the Dublin, 

^M Wicklow, and Wexford Railway, to the Kingstown Railway, 

^M near Lansdowne-road Station. 

H The deposit for this Bill has not been lodged, and it con- 

I scquently lapses. 

In all there have been 26 elaborated plans for joining the 
railways, which have their termini in Dublin. 
Harbonre. Among the principal Engineering works of late years in 
Ireland stand out the railway and harbour of Greenore, 
carried out by Mr. Barton, and the improvements to the 
harbour ;ind River Liffey in Dublin by Mr. Stoney, and tlio 
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construction of the Spencer Dock by Mr. Price-— works, I 
fim jiroud to say, redounding to the credit of members of tliia 
Institution. 

The harbour of Greeuorc, opened by the Lord Lieutenant 
on the 30th April, 1873, affords a safe anchorage ground of 
1,200 to 1,300 acres in extent, with a mininmm depth of 
water at low springs of 18 feet. The quay is 750 feet long, 
with water to allow any vessel to discharge without grounding. 

You are all aware of the improvements effected of late years, 
and going on at the present moment, in the River Liffey. 
Mr. Stoncy's skilfully-devised plan of laying a quay wall in. 
short lengths, but in blocks forming the wall for each length 
up to low water, and the perfection of the machinery necessary 
for carrying it out, have most deservedly commanded our 
universal admiration. Last evening the full description of 
these works was read before the Institution of Civil Engineers 
in Great George- street, and will ere long be in our library. I 
cannot help expressing my regret that our archives are not 
the repository of the history and details of such an Irish 
Engineering work, but of course there are cases, and this is 
one, where the author of an unique work is right to go to the 
very highest authorities for criticism, and, beyond doubt, praise. 

The improvement in the manufacture of Portland cement, 
so largely employed in Mr. Stoney's blocks, of late years has 
been very marked, owing very largely to the supervision 
exercised by the engineer of the Main Drainage of London, 
Mr. Bazalgelte, who not only used it extensively, but took 
the greatest precautions in testing it, so that the manu- 
facturers began to learn how,tQ make a better article. 

Portland cement concrete has been used to some extent in 
building the carcases of houses, and it is said to be very 
economical, and form a better wall in every way than brick or 
stone masonry. This may be so, but the method shoidd be 
adopted with caution, and under professional supervision; for 




A 



114 



ADDRESS OF THE FRESIDBNT. 



g concrete 
t be trieil, 



if, eapecially ia the country, the ayatein of buildJi 
houses with unskilled labour and untested cemei 
the result may be dieapiiointing. 

I should not omit to mention that concrete blocks of large 
size, from 100 to 120 tons, were used by Mr. Barton at 
Green ore. 

Among the sea-works deserves to be mentioned the new 
harbour of Rosslare, in tlie County of Wexford, now in course 
of construction by Mr. Purdon, under the immediate super- 
vision of Mr. Martin J. Farrell, member of this Institutiou. 

In this work Portland cement concrete is almost exclusively 
used. The design of this harbour is peculiar, from the nature 
of the locality. Owing to the sand banks and currents along 
this coast any solid projection from the land into the sea 
would at once collect round it a bank of sand, and become 
perfectly useless as a pier or breakwater. Mr. Purdon 
designed the structure now in progress of erection, consisting 
of a viaduct, as it were, of girders on piers of concrete 
stretching out for a considerable distance from the land, and 
terminating in a pier in deep water. The object of this form 
of construction is evidently to leave the shore currents un- 
obstructed, and the normal depth of water will then remain. 

This plan of providing agfunst silting ia of ancient date. 
The harbour of Antium had piers of this description over 
1,800 metres, three English miles, in extent, and the present 
port has about 200 metres of perforated pier. 

Bouniceau,* in describing this design, alludes to it as " a 
plan of the ancients, which for them was a step in advance, 
but for us would be retrogressive ;" but he adds immediately, 
" what I have said must not be taken in an absolute sense, and 
it is not impossible that if one had to construct a new harbour, 
and more particularly a new roadstead, one could provide by 
means of a well-arranged pier in deep water witli (Missagee to 

* "KtudiiS et notion* aur la constmcUoii a. lamer." Paris, 1868. 
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the harbour for keeping up a moderate ogilatiuii iinil cerbajii 
currents, which would, without an annuaj cost, iimintaia the 
original depth of water. This truth," he says, " must never 
be lost sight of, nnd I constantly re)>eat it, that tliere is no 
absolute and general rule in sea worka." I have no doubt 
that the harboui- of Rosslarc will justify these last remarks, 
and become a type for similarly circumstanced fulure works. 

Since I860 several important lighthouses have been erected, i.ight- 
besidea numerous small works, beacons, dwellings, ifcc., carried 
out by the Comoiiseionera of Irish Lights. 

The Calf Rock Lighthouse, erected by Mr. Henry Grissell, 
of London, at a cost of £25,000, is a cast- iron structure, lined 
with masonry, similar to the Fnatnet Lighthouse. It is 60 
feet high, its base being on the top of the Cttlf Rock, off 
Dursey Island, on the west coast of the County of Cork, 
It is in a most exposed situation, and it was with the greatest 
difficulty the work was carried out. 

At one time several weeks elapsed without a landing on 
the rock being possible, during which time the men on the 
rock — some fifteen in number — were huddled together iu a 
small cabin on the top of the rock, over which the sea con- 
stantly broke. 

New lighthouses have been built at Arranmore, Blackrock, 
and Black^od, and at Innistearaght, off the Blaskets, County 
Kerry. 

Large repairs, costing over £14,000, were effected to the 
Fastnet Lighthouse under the following circumstances. In 
1865, when I was acting as Consulting Engineer to the 
Commissioners, the reports of the action of the sea on a 
chasm in the Fastnet, nearly under the tower, were such as 
to induce the Board to solicit in addition the advice of the 
Engineer of the Scotch, or Northern Lights, Mr. Thomas 
Stevenson, and the Engineer to the Trinity House, Mr. 
James Dougkfj, who both were kind enough to at once 
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respond and visit the rock. The result of our reports, and 
a consullatioD in London, was that it was decided to build 
up the chasm with granite, carefully dowelled, and let into the 
rock on each side, and to add to the stability of the tower by 
an additional casing, not only adding considerably to the 
width of base, but also to the weight. These works were 
afterwards ably carried out by Mr. Sloanc, the preseot 
Engineer to the Commissioners. It was for this extra casing 
that barytic concrete was first proposed by me, but not thought 
desirable at the time by Mr. Douglas. 

One most requisite lighthouse remains to be built, namely, 
on Coningbeg Rock, a most difficult position certainly, but I 
have no doubt Mr. Sloane, the Engineer of the Irish Lights, 
will not fail to cope with it if directed. 

An attempt was formerly made to put a pile lighthouse on 
this rock, but it was carried away, in my opinion, by a vessel 
being wrecked on it. 

A great improvement has of late been introduced by Mr. 
Wigham, of this city, whose invention of lighting the light- 
houses with gas has been extensively adopted, and will 
probably replace the old lights entirely. 
■8 In the year 1857 Mr. LeFanu sent me over to Birkenhead 
to examine and report on the tramway then just completed 
by Mr. F. Train. 

This was, I believe, the first instance in England of a 
regular street tramway. The rail on the straight portions 
was of rolled iron, and on the curves, round the comers of the 
streets, of cast iron. The rails were laid like the present 
tramway rails, but were quite diiferent in section, as they 
presented an elevation of about an Inch over the surface of the 
road on which the wheels rolled, instead of presenting no 
projection, but having a narrow groove to receive the flanges 
of the wheels, A short length on the same system was 
laid in Westminster, but ere long ordered by the authorities 
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who had given perojiasion for it to he removed tw a 
nuisance. 

For many yciirs nothing more was done in this direction, 
until in 1870 application waa made to Parliament for powers 
to lay a tramway on the south side of the Thames. The 
great convenience afforded by the roomy curs and the smooth- 
ness of the running caused them to be greatly used, and the 
system rapidly extended to other jjarts of London, and almost 
all the great towns, at length reaching oiu^elvea here. In 
1867 the Corporation of Dublin, who had the power to do bo, 
granted leave to a company to lay down a tramway from the 
Exhibition to Kingabridge, on the same route aa that now used. 
The funds for its formation could not, however, be found, and 
a project, which we now know must have bcL-n a most paying 
one, was slowly dying out, when it was purchased by the 
Dublin Tramways Company, which was started through the 
energy of Messrs. Fisher and Parrish, who had constructed 
the London Tramways, and of Mr. Barrington, of this 
city. The total length of lines authorized by this Company's 
first Act was seventeen milea, which has been extended by a 
subsequent Act, authorizing an extension from Donnybrook 
to Blackrock, and some small connexions. Of the authorized 
lines, that from Nelson's Pillar, by North Circular Road, to 
the Phcenix Park, the branch to Glasnevin, and the extension 
to Blackrock, have not yet been commenced. The opened 

mways may bo divided into five routes : — 

Exhibition to Kingsbridge, 
Nelson's Pillar to Rathmines. 
Nelson's Pillar to Donnybrook. 
Nelson's Pillar to Sandymount. 
Abbey -street to Dollymount. 

p8ome of these routes must clejirly be far more remuuerative 
Ail others. It would be most useful and interesting to know 
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wlint amount of traffic ia sufficient to pay for the working 
expenses. In future projects it would be a useful guide, as 
clearly to construct unremunerative branches ia to iveight the 
capital unfairly. 

Of recent years many improvements have been introduced 
into the formation of streets. I would especially call your 
attention to the new improved wood paving in London. Mr. 
Haywood, the Engineer to the Commissioners of Sewera of 
the City of London, in reporting on the differently-formed 
streets in his charge, speaka very liighly of this paving, which 
ia thus laid : — the street having been excavated and levelled, 
ji close sheeting of creosoted deal, one inch thick, is laid 
down, and on top of this another similar sheeting is Iiud 
crosswise; the blocks of which the roadway is formed, and 
which are made by cutting ordinary deals into lengths of five 
inches each, are then laid in rows three- quai'ters of an inch 
apart and breaking joint, the grain of the timber being 
vertical ; into the spaces between the rows is then poured a 
concrete of gravel and tar, which is tightly rammed. The 
surface ia then sprinkled with fine gravel, and, the timber 
being very soft allowing the particles of gravel to get bedded 
into it, a very smooth roadway is produced, without its being 
slippery. 

This paving has been laid for some years in King William- 
street, London, where it has been severely tested, especially 
round the statue, the street being inclined, not only 
longitudinally but transversely, and recently it has been 
tried on the sleep gradient of Ludgate-hill with perfect 
success. Mr, Haywood, in reporting on the relative merits 
of granite, asphalt, and wood paving, gives some very 
interesting statistics. A horse, it appears, may be expected 
to travel without an accident for 132 miles on granite 
paving, for 191 miles on asphalt, and for 446 on the 
improved wood paving. Mr. Haywood tells us that. 
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whatever was the nature of the accident, the horsee re- 
covered their feet more easily on the wood than they did on 
either granite or asphalt. The weather had a marked effect. 
Thus, when the asphalt was merely damp a horse would, 
on an average, fall once in 125 inilea, when it was wet 
the horse would go 192 miles, and if dry the distance 
would be 223 miles. Dry granite waa very alipperj-, a 
fall occurring, on an average, once in 78 miles. When the 
granite was damp the distance became 168 miles, and 
when wet 537 miles. On wood, when damp, the accidents 
were one in 193 miles, when wet one in 433, and when 
dry one in 646 miles, OK those accidents which are moat 
destructive to horses, asphalt had the greater proportion, 
granite the next, and wood the least. This method of forming 
streets appears, then, to have succeeded in the greatest 
thoroughfares of the world, and is deserving of being better 
^own and more extensively used, 

^V'Sanitary engineering ia daily acquiring more and more Sun itar; 

^^Bportance ; the necessity for a thorough ayatem of sewerage j^ 
and a full supply of good water is being recognized. Here, 
in Dublin, we have a moat perfect water supply ; and I waa 
glad to see it stated lately by the Chairman of the Drainage 
Committee of the Dubhn Corporation, that there was every 
reason to hope that the new sewerage works would be com- 
menced within the current year. Cork, Belfast, Sligo, 
Newry, and other towns, have found the advantage of 
spending considerable suras in securing a supply of water, 
and Wexford, Wicklow, Tralee, and, many others, are 
about to follow their example. Under the Local Government 
Act facilities are afforded for originating or improving the 
sa,nitary conditions of toivris, which, no doubt, will in time be 
almost universally availed of The cost of such works as the 
Vartry Reservoir, one of the largest and most complete 
pneering works of late years in Ireland, with its many 
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milea of conduitd, a ad tlic subsidiary reservoirs, may, 
perhaps, frighten town authorities to some extent; but, 
on the other hand, it should be known that many small 
towns have had a water supply provided at a comparatively 
trifling expense-— some at their own coat, others at the 
cost of the proprietors, as Cappoquin, Lis more, Ennis- 
corthy, Tallow, &(!. They may not have a constant supply, 
nor any very great pressure, but the advantage of the boon ia 
not the less felt. 
'■ Several years ago the Port and Docks Board conceived the 
idea of obtaining the correct time for their time-ball by means 
of telegraphic coQuiiunication with Dunaink Observatory, 

Various causes prevented this plan from being carried out 
until quite recently — in fact, it was only this very day that 
the connexions at the Observatory end of the wire were 
permanently established. 

The telegraph wire is supported on posts along the road 
from Dunsink to Dublin up to the point where it crosses the 
Midland Great Western Kailway; it then follows the line of 
telegraph posts along the railway, and reaches the Post-office, 
&om which a wire ia laid to the oiBce of the Port and Docks 
Board in Westmoreland -street. 

The wire is there led through a galvanometer placed 
beneath the clock, which, by an electro- magnetic arrangement, 
drops the time-ball at one, p.m., daily. 

A signal ia sent which deflecta the needle of the galvano- 
meter, say to the left, exactly at twelve noon; and at one 
minute after twelve the needle is released — thus the mi;an of 
the two signals will be subject to a leas error than either of 
them separately. 

The electric battery is on the Post-office, the line wire ia 
put to earth at Dunsink, and the signal is sent by making or 
breaking contact at the Observatory. 

This arrangement is capable of giving the time with very 
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considerable accuracy. It is, however, only temporary; for it 
is proposed to adopt the system known as Jones' electro- 
ay m pathetic clocks. 

The principle briefly ia this: — A clock in the Observatory, 
which is regnlated by compariann with the sidereal clock — one 
8o kept to correct time — controls, by means of an electric 
cnrrcnt, other clocks placed in electrical connexion with it. 

The bobe of the pendulums of these clocks are hollow coila 
of wire through which the current circulates. The pendulum 
in its vibration oscillates over the opposite poles of a jair of 
permanent magnets, the effect of which is on Ampfere's 
principles of the mutual action of currents and magnets, to 
make the controlled pendnlum to oscillaTe synchronously with 
the controlling, retarding if the tendency ia to gain, and 
accelerating if the tendency is to lose. 

I am aware that arrangements have been made to provide 
the requisite clocks, and that the difficult task of constructing 
them has been entrusted to our eminent fellow-citizen, Mr. 
Booth, of Stephen 'e-green, and with the assistance of Mr. 
Yeates in the electrical arrangements necessary, there can be 
no doubt that the plan will succeed. 

"We may congratulate ourselves on the facta that the time 
will be given by our Irivh Observatory, the arrangements 
made by an Irish electrician, and the clockwork carried out 
by an Irish horologist. 

And now a few words as to onr position as a Society. Tl 

Mr. Mallet, in his Address to you in 186fi, sketched out the 
liiatory of this Institution to that date. He dilated on the 
advantages that the Institution had gained by the refuge 
afforded it in this seat of learning, when it was in danger of 
collapsing from financial embarrassment. Wc all endorsed 
Mr. Mallet's views at the time, but the subsequent course of 
events has shown that if at a former period the Institution 
danger of collapsing from one cause, we were drifting 



U-2 



ADDRESS OP THE PRESIDENT. 



into a hopeless state of inaction from another — namely, the 
want of interest taken in our jiroceedinga by our membera. 
Month after month was passing away without any paper 
being brought forward, and my duty in this chair was 
becoming absolutely nominal. This state of things waa con- 
sidered by some, to whose opinions the greatest deference is 
due, to be owing to the delay and irregularity of our publi- 
cations. 

I and some other members took the view that the best 
chance of restoring life to our body, and of making it what 
it ought t^ be, was to move our head quarters out of Trinity 
College, into a convenient part of the town, where, on a 
smaller scale, we might afford to our members similar advan- 
tages to those given by the Institution in Great George- 
atreet, Westminster. 

Owing to the munificent bequest of the late Mr. B. 
Mullins, an opportunity waa afforded of doing this, with hopes 
of financial success ; and I may mention that this use of the 
income bequeathed to us met with the moat cordial approval 
of the executors, whose consent was necessary to the employ- 
ment of the fund. 

Mr. Mullins, as you are aware, beside the munificent gift 
of £1,200, left to us all his engineering and architectural books, 
and we have now the nucleus of a useful library. 

The rooms of the Institution in Stephen 's-green will very 
shortly be open daily for the use of Members and Associates, 
and I hope the convenience and advantages offered, especially 
to those who reside in the country, will be such as to draw to 
our ranks all the members of our profession who should be 
membera of our body, and also gentlemen of other callings 
and professions, " whose pursuits," to quote the qualification 
of an AsBociate, " constitute branches of engineering, or 
qualify them to concur wili Civil Engineers in the advance- 
ment of professional knowledge." * 



ADDRESS OF THE PRESIDENT. 



123 



It must not for & moment be supposed that the relation 
between an Associate of our body and a Member is necessarily 
one of degree. Except in the case of very junior Engineers, 
it is one of kind. In the list of Associates of the English 
Institution I find the well-known names of Tyler, CheSney, 
M'Kerlie, with 53 other officers of the Royal Engineers; 
Abel and Herapatli among the chemists ; Brassey and Peto 
among the conlractors; Sir J. Brown, Bessemer, KrUpp, 
Vickers, Maudslay, Aveling, among the mechanical engineers ; 
Lloyd and the Solicitor- General among the Ijarristers; and 
OawkweJl, Mylea Fenton, and James Forbett among the 
railway managers. No names in England, or the world, stand 
higher than these Associates of the Institution in West- 
minster, and I trust to see our list of Associates expanding 
to include nearly, if not quite, as well-known names in Ire- 
land. Most especially would I like to see enrolled with us 
the managers of our Irish railways. Railways form the 
subject of papers very often, and in a discussion on such 
subjects the greatest assistance may be derived from gentle- 
men who make one department of them their daily study. 

Anxious as I am that the hew arrangement should be a 
would not for a moment advise a lowering of 
professional standard for the purpose of financial gain. I 
would, however, ask our members to join me in looking around 
for those who, perfectly qualified as Members or Associates, 
are perhaps ignorant of the advantages they will receive by 
joining us. Such canvassing, if canvassing it can be called, 
is, in my opinion, not only perfectly legitimate, but more — a 
duty. Not only will our position be secured, but our 
standard be raised and mbre recognized outside. 
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C. p. Cotton. President, 
In the Chair. 

The following Candidates were ballottcd for and duly 
elected : — 

Frederick Arnold Carroll, Willlim Carroll. 
John Crosthwait, John Lionel Lyster, and Richard 
Wilson, aa Members ; Thomas Arthur Bewlet, John 
Edwards, Thomas Edwards, William J. Doherty, 
George Murray Boss, and George Alexander Ste- 
phens, as Associates, 

On the Prevention of Railway Accidents. By John 

Chaloner Smith, Member. 
When the benefit is considered which the great Railway 
eyatem now existing has conferred upon the human race, and 
the rapidity with which it was executed, it may not be strange 
that those ivho have been instrumental in carrying it out 
should feel a degree of pride at the result of their labours ; 
but this pride must be temppred with considerable mortifica- 
tion by the reflection that there has been, to some extent, 
failure in a particular which essentially distinguishes the 
civilized and intellectual man from the savage— namely, the 
successful regard paid to the preservation of human life. 

It may be alleged, and, no doubt, with truth, that Railways 
are much safer than any of those modes of transit which they 
have replaced, as is proved by the smaller proportional 
number of casualties ; and that the loss of life by Railways 
is less than that caused by street accidents, by mining 
catastrophes, or by sliipwrecka ; and, furthermore, that in 
these countries it is less than in America, or on the Continent. 
Still, these arguments are mere excuses; and if comparison 
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is to be made, let it be made with what is worthy of imiiation ; 
let it be made with the marvelloua accuracy and unerring 
precision with which the Creator guides and controls the 
great powera of the universe^ force, to which the united 
steam engines of this globe could offer no obstacle ; weight, 
of which the heaviest goods train is the merest infinitesimal 
portion; velocity, compared to which the fastest expreaa is 
almost at a stand-still. 

In the proceedings for 1(^47 will be found a paper bearing 
the same title as the one which has now the honour of being 
laid before the Institution, read by the then President, the 
late Colonel Harry D. Jones, in which he suggested a plan 
of avoiding accidents by having a look-out man placed in a 
watch-box attached to the leading carriage of every train, 
and who should have the power, by means of a mechanical 
arrangement, of instantaneously separating the train of car- 
riages from the engine, whenever he considered that there 
was occasion to do so, 

No such panacea will be brought forward now. As the 
causes of disaster are various, so, also, must be their remedies. 

These causes, and the statistics connected with them, are 
taken from the last Report on Railway Accidents to the 
Board of Trade, ably drawn up hy their Inspector, Captain 
Tyler, being that treating of the accidents which occurred 
during the year 1872 in Great Britain and Ireland. 

In the latter country the railways appear to have been 
'orfeed with greater security on the whole, the gross traffic 
as 1 to 18, the fatal accidents there have been as 1 to 
of the entire, but the same causes of accident are evidently 
so that the tenor of the following observations 
would not be affected by this fact, neither would the 
including of the statistics of former years materially alter 
the aspect of the case. 

The press and general public take notice, mostly, of one 
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particular class of accident — namely, that arising to paa- 
Bcngers from causes entirely without their own control. It 
may, thereforu, surprise some to hear that, in 1872, these 
were little more than one-fiftieth part of the total deaths, 
which amounted to 1,145, and will he considered lu the order 
of the number of the different classes. 

It is not necessary for the purpose of this paper to take 
into consideration the numbers of injured given in the report — 
iudeed they would, perhaps, only tend to mislead, as no 
distinction is made between the most serious and the most 
trifling hurts; but about the deaths there can be no mistake. 

B^way As might be expected, the Railway servants are the most 
aerratits . ■ , , , . „ 

killed. numerous, and the deaths resultmg from what may be con- 
sidered the negligence, or want of caution, of the sufferers 
themselves were 592, viz. : — 

Killed when shunting, ... - 130 

Killed when joining or leaving vehicles, - - 116 

Killed from coming in contact with bridges, &c., ■ 5 
Killed when loading goods, spi-agging wheels, or 

working cranes, .... 10 

Killed whan working on permanent way, or in 

going to or returning from work, - - 160 

Killed in crossing, or when standing on line, - 118 

Killed when jjassing between vehicles, - - 27 

Killed while attending to gates, machinery, &c., - 26 

No data are given to enable an opinion to be formed as to 

what number of these were caused by placing comparatively 

untrained hands in positions dangerous to those not having 

experience, but as the oldest servants are often caught, it is 

possible that this may not have been a main cause. 

It appears at any rate, however, that the chances of each 
Railway servant being killed in six years of his service, arc as 
great as if he stood in the British ranks at the battle of 
Waterloo; and Captain Tyler is of opinion, moreover, that if 
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be ascertained, he would Iiave to 
laed number of deaths of Railway 



the whole truth couhl 
report a considerably im 
servants. 

Besides all these, 42 servants were killed by accidents to N 
trains resulting from the negligence of fellow-servants, or " 
from the accommodation to meet the lequirenients of the 
traffic being insufficient or defective; and these caused also 
the deaths and injuries to passengers for which Railway Com- 
panies have to pay such heavy compensation. 

It may be remarked (particularly since the recommendation 
of the Royal Commission on Railways, in 1867 — that there 
should be a maximum amount of compensation for each class, 
and that passengers might insure beyond this — was not 
adopted), that it seems utterly impossible for the Companies 
to alter the law or mode of procedure in these cases. Public 
opinion firmly believes that, were it not for these enormous 
compensations, accidents would be much more frequent, and 
it ia vain for the Companies to attempt to argue the point; 
yet it does seem unfair that the punishment, instead of falling 
upon the person or persons whose negligence baa caused the 
injury, falls upon the unfortunate shareholder, who, generally, 
has nothing whatever to say to it, and who has spent his 
money — with a view to his own benefit, it ia true — but, cer- 
tainly, to the great advantage of the public. 

This negligence, too, is often a very complicated question, 
and it seems a very clumsy way of coming at the truth to 
leave it to a jury, who are quite ignorant of the details of the 
subject. And tliere is a still worse evil, for it is often the 
direct interest of the Company to screen the person or persons 
in fault, as, if they punish them, the ao doing will be relied 
on aa evidence against the Company. 

The negligence which has occasioned this loss of life varies 
in degree from gross misconduct to simple forgetfulness, or 
^ight error of judgment, anil can never, as far as it is 
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possible to foresee, be entirely got rid of. Captain Tyler 
says, " The item of human fiiUibility will atill remaio," but it 
will clearly be much diminished if additional means be adopted 
t-ending to enforce discipline and obedience to orders, to 
increase steadiness and careful habits amongst the men, to 
discourage their working in a hasty and bustling manner, 
without their wits about them, and to the effectual punish- 
ment of disobedience to orders. 

Now, in other continuing services, such as the army, navy, 
and constabulary, the granting of good-service pensions has 
been found useful in producing such results. Might it not be 
worth while to adopt it la Railway service? 

It is not asserted that directors or shareholders generally 
neglect their old servants ; but there is — or the men think 
there is — an uncertainty in the matter, and to produce the 
good effect desired, the men should know that if they, for a 
certain number of years, yield good service to the Company, 
that they will be entitled, as a matter of right, to a pension, 
according to their position and length of service. 

The publication of such an arrangement would also have 
the effect of making many competent men anxious to join, 
and nould, therefore, tend to prevent the rate of wages 
having to be raised in a manner disproportionate to that in 
other pensioned services. 

The number of trespassers killed on railways in 1872 was 
no less than 224. Captain Tyler observes that this number 
" might perhaps be reduced by more stringent provisions." 
Now these provisions are as follows;. — 

Act of 1840. — " If any person shall wilfully trespass upon 
any Railway, and shall refuse to quit the same on request 
being made by an agent of the Company, he shall be liable 
to a penalty not exceeding £5." 

Aet of 1868. — " If any person shall be on any Railway, 
except for the purpose of ])assing the same at an authorized 
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crosaing, after having received warning by the Company, 
he shall forfeit and pay any Burn not exceedinff 40 Bhillings." 

Act of 1871 — -Introduces the word " once," making the 
foregoing read " after having once received warning." 

It may eafely be aeaiUQed that every reasoning being in the 
kingdom knows that it ia wrong and dangerous to trespasa on 
the Bjulways. Yet they continue to do ao, for the soke of a 
dry walk, or a short cut, and sometimea — and these are 
generally people who should know better — from mere bravado 
and defiance of the Compuny'a regulations. 

A trader, having unwittingly incorrect weights, even 
though they should be in favour of the cuatomer, ia punished 
without warning; drunkenness and other offences committed 
vritliout wilful bad intent, are punishable without warning; 
it is, therefore, difficult to see why the Le^slature require it 
in the present case. It has, probably, cost hundreds of lives, 
and the warning to many has been a locomotive tearing thetn 
to piecea. 

Should the warning be omitted by the Legislature, Riulway 
servants will have no difficulty in preventing trespaaa, and 
they can be punished if they connive at it. At present it is 
almost impoaaible to get them to underatand the law (particu- 
larly as notice boards are not legally held to be warning) ; and, 
if they carry it out, it takes much time from their proper 
work. The magistrates alao would be able to use their 
judgment with regard to the amount of penalty to be 
inflicted. 

The number of those — not servants or passengers — killed 
RSt level crossings was 70. It is not stated how many at public 
pAnd bow many at private level crossings. 

Public level croaainga are sometimes practicably unavoid- PuUio 
able; but they are very objectionable both to the Railways 
and to the public, and many might be got rid of by a little 
L concession on the part of the road authorities. 
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In the Act regulating the shutting of gates of private 
croBBinga the direction is that each gate ehonld be opened and 
shut Biicceasively. This, if carried out, miglit involve the 
cattle having to atand on the line, while the attendant was 
opening the second gsite; but, generally, the attendant opens 
both gates, drives the cattle across, and then shuts both gates. 
An alteration, therefore, of the Act would probably be 
desirable; and there might also be power given to the 
companies to remove gates, when the lands on each side of 
the line became vested in different hands. 

Next, and saddest of all, are 33 wretched suicides. 

There were also 57 people — not servants or passengers — 
killed from miscellaneous causes, to be imputed to their own 
want of care in various ways. 

The deaths remaining to be considered are those of 127 
passengers. 

Of these 48 were killed from falling between carriages 
and platforms, and 10 while getting into or out of trains. 
To these the passengers' own hurry and neglect, no doubt, 
contributed ; but Captain Tyler well remarks on the impor- 
tance of uniformity of construction between carriages and 
platforms, and of filling up the apace between them by means 
of continuous foot-boards, 

Next are 39 killed while crossing the lines of rail at 
stations ; tliia, the system adopted by the Metropolitan KeuI- 
way, would entirely obviate. It la— having the booking offices 
so placed (such as on the top of the covered way in which the 
line runs) as to give direct access to each platform from 
them, and also to give direct exit from each platform without 
there being any necessity for the paasengera to go down upon 
the rails. 

As it is, moat Railwaya have their intermediate stations 
with the office on one platform, the public approach behind the 
office ; and in the case of a double line, or of a passing atation 
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■^«n BiDgle line, tberc is no way tor passengers to get to the 
opposite platform (vithout crossing the rails. 

To remedy this, foot-bridges are Bometimea put up, but they 
have not been generally adopted, nor are they amongut the 
requirements of the Board of Trade; the great objection to 
tliem is that passengers will not, as a general rule, use them, but 
will continue to cross the rails, as being shorter and less trouble- 
some than going up and down the steps of the foot-bridge. 

As a road over or under the Railway frequently adjoins a 
station, it might be advisable, in such cases, to consider 
whether, instead of constructing a foot-bridge, it might not 
be better to place a small booking office on the road approach, 
as shown in Fig. 1, Plate XI„ and to have the platforms con- 
nected separately with the road by steps, or, what would be 
still better, by inclines. 

Six passengers were killed by falling out of trains in motion, 

two from falling down stairs at stations, and three from other 

accidents ; leading nineteen killed by accidents to traina ; and 

the return for last year will, unfortunately, show the number 

^•jinder this head nearly quadrupled. 

I Captain Tyler gives a most elaborate and careful analysis of 
Bse train accidents, which numbered 238 in the year, and 
from the experience acquired by investigating into their 
I, and also into those of previous years, he advises nine 
principal means of safety shortly as follows : — 
LI. Maintenance in high condition of the permanent way. 
pS. Good axles. 

f 3. Tire fastenings, to prevent the tires flying in case of 
uture. 

. Improved couplings. 
On these, it is to be remarked, that not only are they a 
principal means of safety, but that, especially in the case of 
the first, with which the author is most familiar, they are the 
most truly economical for the Companies themselves. 
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The fifth means refers to signal and point arrangements. 

In the comparatively early days of Railways the exhihition 
of a danger signal, which was generally a vane or disc, on a, 
poet at the platform of a station, was a warning to the driver 
of an approaching train to atop, and by degrees it came to be 
the rule that drivers might come up to a danger signal, but 
were not to pass it. 

Many stations were bo placed on curves that the driver of 
an approaching train could not see the signal in time to atop 
his train before passing it, and, therefore, what was called aa 
auxiliary was put up in a position having a sufficient range of 
view for drivers to atop; this was worked by a wire from 
near the main signal, and the directions were that it should 
show the same aa the main signal — Danger, Caution, or All 
right, as the case might be. 

The use of these auxiliaries having been largely increased, 
it was found that stopping a train outside them exposed it to 
the risk of being run into by a following train, and, therefore, 
this rule was made, the name being ohauged from auxiliary to 
distant signals. 

" Distant Signals. — Enginemen are to stop their en^nes 
in obedience to a distant signal. Having done so, they are, 
without a moment's delay, to bring their train forward as far 
as the line may be clear, at a speed not exceeding five miles 
an hour, until the whole train be well within the distant 
signal, so that it may be protected by the distant signal from 
any engine or train following. Should it not be practicable 
to draw the train far enough to be protected by the signal, the 
guard must at once hasten back a sufficient distance, with the 
necessary signals to protect his train. The guard must per- 
form this duty whether a train be due or not. It must be 
borne in mind that the same signal is always exhibited by the 
distant and station signal." 

The inconvenience and delay to trains caused by guai'da 
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iitmtig to go back with hand aignaU to protect their train 
when it stopped, were very great, and as this rule prevented 
a good deal of it, distant signals were conaidered a great 
improvement, and were also strougly recommended by the 
Inspectors of the Board of Trade, who will not allow a new 
line to be opened unless each station is provided with distant 
signals in both directions, as well as with a main signal having 
two arma, one for each direction, and which is called by ihem 
the home signal. 

No distinction is required to be made between danger 
signals as given at the home signal post and at the distant 
signal poat, yet the driver is not allowed, under any circum- 
stances, to pass the first, and he is habitually allowed, under 
the conditions of the rule, to pass the second ; and it is well 
known to railway officials that drivers, almost universally, 
understand these conditions to mean that they are to pass the 
distant signal, when at danger, with caution ; and therefore 
they do not stop, but they slacken speed, so as to be able to 
stop before meeting with what they expect to be the 
obstruction, and yet the station agent generally relies wholly 
upon the distant signal, when he has the line between home 
and distant signals blocked. 

As might naturally have been expected, a plentiful crop of 
accidents has arisen from this state of things, of which several 
are mentioned in the Report of 1872. 

The author recollecta maintaining, many years ago, that 
auxiliary signals should exhibit caution when the platform 
signal was at danger, but the argument used against this was, 
that drivers never attended to caution signals, which was to 
some extent the case ; but the rules for distant signals result 
in a much worse thing, for the drivers do not attend to danger 
signals. 

It may be assumed as an axiom, that imnecessary signals 
Aould be avoided, but that signals, when exhibited, should be 
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strictly obeyed, and on this basis the following are submitted 

ae principles for the re-arrangement of eignaJs: — 

?ropoBad That stations be protected by two main signals, one on the 

ignalB. tip side for down trains, the other on the down side for up 

trains, with an interval between sufficiently long to secure 

trains standing at platforms, or shunting, when there are cross- 

^^k over points or sidings. 

^^M Should this interval be considered in certain cases too long, 

^^M a second signal may he used beyond the main signal, to exhibit 

^H danger whenever there is an obstruction between it and the 

^H main signal. 

^^K When the range of the main signal is not sufficiently long 

^^1 to give the driver of an approaching train ample space to stoj) 

^^1 if the signal be at danger, one or more auxiliary signals are to 

^^1 be used, and they are to be arranged to show caution when 

^^M the main signal is at danger, as a warning to the driver that 

^H this is the case ; means should also be provided whereby, in 

^H the event of an obstruction between the auxiliary and main 

^H signal, the servants of the company can put the former to 

^H danger. 

^H In the case of junctions there should be main signals for 

^H each line, placed clear of all possible fouling; in the case of 

^H level crossings the single post with two arms would be sufB- 

^H cient; auxiliaries to he added if requisite in either case. 

^H The working of the signals in all these cases to be concen- 

^H trated. 

^H Tlie main signal posts at stations may be utilized for 

^H starting signals for the trains. 

^H There is, no doubt, great objection to changing a system 

^H which has been so extensively adopted as that of distant 

^H signals, but there exists a means of doing it in, humanly 

^H speaking, perfect safety; and the author finds words too 

^H weak to express his sense of the importance of di-ivers be- 

^H coming habituated to regard danger signals as never to be 
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fmsBcd; these diatant signals tend to cause a mental confusion 
in the driver, which may be followed by the worst conse- 
quences, even though it. be only momentary. 

Signals not only perform the duty of warning drivers of Inter- 
obstructions, but they also show them that the points are ayatero. 
made for the line on which it ia intended that they should 
run, and consequently these points should be so made bufore 
the signal be given for the train to advance. 

In 1858, the author made a rude attempt at a junction, of 
which he was engineer, tp obtain a combination of actioa 
between points and signals, not being aware that at the time 
abler hands had taken up the idea, and their efforts have now 
resulted in what is &miliarly known as the interlocking 
Bye tern. 

In April, 1868, a paper waa read before the Institution 
by Mr. Bailey, now Vice-President, describing Anderson's 
apparatus for this purpose, and since then the principle has 
been further developed, eapecially as regards the distance at 
which points can be worked from the signal-box, which has 
been done by means of compensating bars, up to over 600 
yards. 

Plate XI., Fig. 2, shows the working as applied to a ter- 
minus, where the exigencies of the traffic require that some 
of the up trains should run to the down platform and some 
of the down trains start from the up platform. 

Ij Ml points being open, signals A and D may be lowered. 
l*oints 7 and 1 being made, signal C may be lowered. 
Points 3 and 2 being made, signal B may be lowered. 
points 5 and 6 being made, signal D may be lowered. 
Points 4 and 8 being made, signal A may be lowered. 
In these cases points not mentioned as being made are 
locked in open position, and signals not mentioned are locked 
to danger. 
L There is also a position of the apparatus wliereby, when all 
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the signals are locked to danger, any of the points may be 
opened for shunting purposes. 

The cost of this improvement varies with the circum- 
stances of the Ciiae. In this instance it effected a saving in 
the number of points and signalmen which, in three years, 
equalled the entire outlay for erection, leaving a substantial 
annual giun to the company. This, of course, may not always 
be the case ; but the main question is whether it be an altera- 
tion for the better or not, for the author believes that the 
Railway men, whether directors, shareholders, officers or 
servants, who would grudge money, time, or trouble, in 
endeavouring to avoid accidents, would be found an insigni- 
ficant and contemptible minority. 

Captain Tyler also recommends locking bars, whereby 
facing points maybe held in position whilst trains are passing, 
and considers that the use of this class of points should be as 
restricted as possible. 

His next raeaas of safety are switch tongues behind the 
fouling point in sidings connected to main lines. 

The danger which this is intended to meet used to be 
provided against by stop blocks, but the switch tongues are 
far more effectual, and they can be arranged as those numbered 
5 and 4, shown on the figure are ; or, if there be no blind 
siding, a single tongue, worked in connection with the main 
line points, to be open when they are open, or vice versa, will 
answer. 

Next b increased use of the telegraph to secure intervals 
of space between trains. 
I. More than three-fourths of the train accidents mentioned 
in the report are collisions, which may be considered under 
the following slightly abbreviated classification : — 

I, Collisions with fixed obstructions at stations. 

II. Collisions with obstacles at junctions, stations, and 



PREVENTION OF RAILWAY ACCIDENTS. 

III. Golliaions between trains running in opposite direc- 
lions on a single line. 

IV. Collisions, in consequence of one train overtaking 
another moving in the same direction on the same line. 

As regards No. I., everything depends on the driver; and 
it speaks volumes for the skill and caution of these tuen tliat 
only seven accidents of this class are reported. 

Arrangements of points and signals to prevent No. II. 
have been mentioned, above all to make drivers respect danger 
signals as they do buffers. 

The staff system is intended to obviate No. III., and the 
block system No. IV. 

The staff system is that no engine should run upon aStaffaud 
certain portion of line without carrying a staff, used for that ,j,BtemB. 
portion, and no other. 

The block system also divides the line into parts, say, 
A to B, B to C, and so on ; and when a tr^n is started from 
A, A telegraphs to B, line blocked, or train in, and 
until A has received an answer from B, A will permit no 
other train to follow. 

Both these systems arc theoretically perfect — that is to 
Bay, their provisions being carried out, no collision can ensue; 
mistakes as to carrying them out will, most likely, from time 
to time be made, but it docs seem placed beyond the region 
of doubt, that lines worked under these systems are infinitely 
safer than those worked without them. 

The staff is only adapted for single lines, which in Ireland 
constitute tlu-ee-fourths of the Railways, and are now all, 
as the author believes, worked under that system. 

It frequently happens that on single lines it is necessary to 
despatch two or more trains in one direction, say from A to 
B, before a train runs in the opposite direction, from B to A. 
In such a case the fir.st train from A to B would be started 
(ith a ticket, provided the staff was at A at the time. This 
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ticket would not enable that train to reverse on tlie journey, 
but would authorise its runuing through. 

Now this makes the Staff system theoretically imperfect, 
because tliere is no provision made by it to prevent this train 
carrying a ticket from being run into by a following tr^n. 

To obviate this imperfection, with a minimum amount of 
telegraphing, perhaps it might answer to print on the back 
the tickets — 

" Station A to Station B. 

LINE BLOCKED. 

No (up or down, as the case may be) tnun will be 
despatched &om A until B has telegraphed to A that the 
train carrying this ticket has arrived at B." 

This information could be conveyed by a signal not requir- 
ing a skilled telegraphist, and, consequently, the expense of 
adopting it would be trifling ; the additional delay would be 
very little indeed, and the receipt of the ticket would prevent 
the agent at B from forgetting to telegraph, and the agent 
at A would know when to expect the message ; and the use 
of these tickets might be commenced on the portions only 
where the greatest risk is now incurred. 

This combination of staff and block will probably be 
found more effective than the block only, under which acci- 
dents have occurred on single lines, which could not have 
happened if they had been worked by the staff. 

The adoption of the block system for double lines is 
strongly recommended by Captain Tyler, who shows that 42 
collisions in 1872 might have been avoided by its use; and, 
certainly, it has not been less urgently required since. Mr. 
Harrison, abo, in his inaugural address as President to the 
Institution of Civil Engineers, in London, on 13th January 
last, makes the following weighty remarks — " It might be 
considered as settled that the block system would, as soon as 
it was poasiblc to complete the necessary works, be intro- 
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duced throughout tlie whole of the Railwaya iu the United 
Kingdom; and that, although it had been demonstrated tlint 
enginemeu did not keep the same look-out under the system 
sa on lines appan-ntly leaa protected, and that the large 
Increase of the number of signalmen (in one eaae 300 per 
cent.) would increaae that element of danger, ' human falli- 
bility,' yet he did not mean to argue from these against the 
introduction of the system, though they might sometimes 
make Railway officials hesitate to recommend it." 

The first of these objections has been mentioned by Captain 
Tyler in the 23rd page of his report, and the author may, 
perhaps, quote a maxim of an old friend and brother official 
of hia own, whose long experience on Railways entitles his 
judgment to be considered sound, which is " that the more 
accommodation given to men for doing their work well, the 
better that work will be done." 

With regai'd to the number of signalmen, that ia clearly a 
function of the number of tnuns ; the more frequent these are 
the shorter must be the interval between them, the principle 
of the block being the same, whether the interval be 100 
yards or 100 miles. In Ireland the station signals might 
probably, for the most part, be utilized for the purpose, the 
working of them being concentrated to where the block 
telegraph instruments were placed. 

It is highly desirable that there should be a method, so to 
speak, of interlocking the telegraphs and the signals which 
would prevent the possibility of the signalman making mis- 
takes. M. Spagnoletti claims to do this by using treadles 
instead of signalmen ; thus : — " On a train leaving A, it passes 
over a treadle which puts the signal to danger to protect it, 
and a bell is also rung at B, as a signal of its approach. On 
ita arriving at B, it then puts a signal up, takes the signal 
down at A, and rings a bell at C, and so on throughout the 
journey." 
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It will be apparent that, under the staff and block systems, 
the re-arrangement of signals, and the abolition of the present 
distant signal, already alluded to, may be carried out. 

In these systems great care must be taken to avoid contra- 
dictory signals ; for instance, that a gang of platelayers should 
not have a rail out and a red flag exhibited, whilst semaphore 
signals at each side of them show " All right." 

The next means of safety la the providing sufficient siding 
accommodation. Of the best means of carrying out this, the 
officers of the various lines, who are acquainted with all the 
details, must be the best judges. 

The last means of safety mentioned in the report is the 
employment of continuous breaks, to be worked by engine 
drivers as well as by guards. 

Break power is clearly necessary iu proportion to the weight 
or velocity of the trains, and to the steepness of the gradients 
of the line ; on the other hand it should not be so excessive 
aa that its sudden application would be as bad as a collision : 
a vast number of different plans are proposed, on which the 
author has not sufficient practical knowledge of details to 
afford information. However, as several members of this 
Institution ai'e thoroughly competent to deal with the ques- 
tion, he would suggest to one of them to write a paper on the 
subject. 

No accident appears to have occurred in 1872, attributable 
to the want of intercommunication in trains — that much 
vexed question. 

To conclude; it will not, perhaps, be denied, that the 
majority of the practical improvements, adopted from time to 
time in the working of railways, have been introduced by the 
executive heads of departments of the companies, and that it 
is chiefly from them that further improvements may be 
expected. These officers are responsible, not only that the 
alterations which they recommend shall be real improvements, 
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Whut also that there shall not be real improvements in e 
which they do oot recommend ; and, therefore, it is of much ' 
consequence that they should have full opportunities of j 
comparing their experiences, and that each should be able to 
submit his ideas to the test of examination by the skill and 
judgment of the others. One reason, perhaps, that improve- 
ments make their way comparatively bo slowly is, that the 
time of these officers is almost entirely taken up with the 
det^ls of their work, and they are also seldom able to leave 
the lines where their duties lie, in order to become acquMnted 
with differences of arrangements on other lines. It is to be 
hoped that the discussion on this paper will prove that this 
Institution oifera a means of overcoming, to some extent, I 
these difficulties, and it is not likely that any one will have • 
either the inclination or the power to resist the adoption 
of amendments or precautions which have met with the 
sanction and approval of the great body of Railway Officers. 



[22iid April, 1874] 

Chables p. Cotton, President, 
In the Chair, 



vere baliotted for and duly I 



The following Candidates 
elected : — 

Mjvrtis Atock, Thomas F. Pigot, John Swan J 
^Sloane, as Members ; Edward Bakeington, Decimdb I 
yiTT, John "W. Houghton, George Edward Ilbert, 
ViLLiAM Labatt Payne, as Associates. 

Discussion upon Paper on the " Prevention of Railway 
A ccidents." 

Hr. C G. Napier observed that the adoption of means to 
mforcc discipline and obedience to oi'ders gave the key-note 
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to improvement in rwlway management, in which much im- 
perfection still remains in consequence oF the rapidity with 

which the syatem had sprung up. 

He fully agreed with tlie author's remarks on the Act 
regulating the shutting of gates of private crossings ; also aa 
to stations being protected by a set of signals at each end, 
there being no doubt that even now the signals at many 
stations are inadequate ; but he considered that there should 
be also on each side a distant signal which should repeat the 
" Danger" and " All right" when exhibited at the main 
signal. When there is only one main or " Home" signal 
placed in the centre of the station and two distant signals, 
the protection of the station actually depends on the latter, 
for the point of danger may be reached and a collision take 
place without the train having come up to the main signal; 
but when there are two main signals, one at each end of the 
station, they really protect it, and the present rule for distant 
signals becomes good and safe, and their use may be clearly 
defined, viz., to repeat the main signal and extend its range, 
to warn the driver of an approaching train lu case of a block 
at the station, and to protect his train while it is waiting 
outside the station, that is, while it is waiting behind the main 
signal. 

He must confess that he was not fond of caution signals ; 
a "Danger" signal is clear and definite, it means "Stop ;" an 
"All-right" signal is also clear, it means " Come on;" but a 
" Caution" signal means anything you please ; in obedience to 
it a driver may come on with full steam, ask him why, and 
he says — " Oh, I had a heavy goods train, the rails were 
greasy, and I had a very long incline against me ; if I had 
shut off steam, I could not have brought my train to the 
station;" and he might be quite right. But suppose the 
incline, instead of being against him, liad been with him, all 
other circumstances being the same, then he would be very 
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culpable If he did not shut off steam, and brmg h'la train under 
complete control in obedience to a caution signal, for then 
stopping and not starting would be the difficulty. The fact 
IB, no engine-driver would be worth his salt who did not 
always approach stations with caution, and it is more sensihle, 
and therefore safer, to trust to the skill and experience of an 
intelligent human being than to an indefinite signal, the 
proper interpretation of which must, in the end, depend on 
the person who reads it. 

The expansion and contraction of the wires by which 
: is worked also causes some uncertainty about the exhibi- 
ion of caution with a semaphore distant signal; if it is 
t little too high it may be taken for danger, if a little too 
T for all right. The use of caution should, therefore, be 
Ispenaed with for distant, and very much limited for main 

As to breaks aud break power, it seems astonishing that it 
aLould still be neceseary for a Government Inspector to 
recommend the use of continuous breaks under the control of 
the driver. Sujipose an ordinary case of stopping a trsun at 
full speed (say 45 miles per hour), with three breaks, one 
attached to the tender, one under the control of the front guard, 
id one in the hind van at the tail of the train, under the 
mtrol of the hind guard ; the driver sees sutlden occasion to 
(p, he shuts off steam, whistles to the guards to apply their 
breaks, and applies his own, the front guard may or may not 
be looking out at the tame, but he is close to the engine, and 
hears the whistle distinctly and directly, and perceives the 
of the engine-driver, so he applies his break, but with 
seconds of delay ; but the hind guard ! he is some dis- 
off, he does not hear the whistle so distinctly, nor at 
! recognize its alarm ; he may be reading a newspaper, or 
Company's rules about accidents, or his Bible, or what 
—he may be mending his clothes, or cutting tobacco, for 
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remember he spende many hours in the van, and must be 
doing something — well, he hears a whiatle, puta his occupation 
aside and his head out of the window to see " What can the 
matter he," cannot make it out, thinks he had better put on 
the break immediately, as directed by the rules, and he does 
80, but all this has, perhaps, taken 20 seconds of time, which 
would bring the train one-quarter of a mile nearer the point 
of danger, with one-third of the break power not applied, 
whereas if this had been under the control of the driver, he, 
from the very first moment of danger, would have brought 
the whole of it to bear, and from the nature of his occupation 
he must keep a constant look out, and first see the danger, 
must know better than the guards can possibly do the cir- 
cumataocea of the train, whether it be heavy or light, whether 
the rails be slippery or dry, what sort of incline he is on, and 
last, but not least, he knows that if a collision occurs, he bears 
the hrunt ; he has also the assistance of his mate in looking 
out, and altogether it seems beyond a shadow of question 
that the whole break power of a train ought to be placed 
under the control of the engine-driver. 

Facing points have, perhaps, received more sweeping con- 
demnation than they deserve ; at junctions and stations on 
single lines where they are unavoidable the risk incurred is 
from the speed at which trains habitually run through them, 
rather than from their fair use; and the advantage they 
would frequently give at larger stations in shortening the 
time occupied in shuntiiig is sometimes overlooked, for shunt- 
ing operations are a fruitful source of danger ; undoubtedly 
the practice so general of running through facing points at 
high speed is very objectionable. 



Mr, J. Dillon remarked that the total number of persons 
killed and injured on the railways of the United Kingdom in 
1872 was 4,183, a comparatively small proportion being from 
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aea beyond their own control, and these cases are fewer 
in proportion to the traflSc in this country, thereby proving 
that the management is euperior, as the mechanical parts are 
certainly not so perfect, aa a general rule, here aa in England 
and Scotland. 

The practice of keeping railway servantB at their posts for 
periods longer than they can give continuously proper atten- 
tion to their duties is very dangerous, and in such cases the 
number of servants should be increased, and the working 
hours diminished. 

He considered the principal cause of the accidents which 
have lately led to such a panic, was the practice of running 
passenger and goods trains in irregular order, and at different 
rates of speed, in quick succession at short intervals of time 
and space; signal and engine men were thus frequently sud- 
denly called upon to deal with extraordinary combinations, 
not provided for by their rules, and with the best intentions, 
did the wrong thing; for examiile, a driver increases his 
speed to make up for lost time and keep out of the way of a 
following train, and runs into a preceding train delayed by 
some exceptional traffic or other accident. 

The block system might answer for a line with moderately 
large traffic, but where the traffic is excessive the available 
time and space between the numerous trains must be so short 
that the signal stations must be at correspondingly short 
intervals, and thus seriously interfere with the progress of the 
trains, and diminish the carrying power, which is already too 
small on certain great trunk lines. 

The only practical way to meet the difficulty would be to 
divide the traffic into "quick" and "slow," and have separate 
up and down lines for each, regulated by a uniform code of 
signals. 

Accidents will occur from sudden breakages, through con- 
ifects which no human foresight can avoid, but the 



146 



PREVENTION OF HAILWAT ACCIDBNT8. 



rolling stock and permanent way should be kept in the most 
perfect working order, and to do this it 13 necessary for the 
Directors to authorize the engineers to expend a sufficient sum 
annually in renewals. 

It is well kno^Tn. however, that there are many Railway 
Companies in Ireland whose financial condition is such that it 
will not be in their power to keep the permanent way in safe 
working order much longer, and unless something be done to 
meet this difficulty by Government loans or otherwise, an 
increase of accidents may be expected to occur, for a consider- 
able portion of the rails, sleepers, and bridges even now 
require renewal. 



Mr. M'DoNNELL observed that it was often extremely 
difficult to detect flaws in axles. The more general use of 
steel axles and solid rolled steel tires was of the greatest 
importance. The average distance run by iron axles varied 
from 40,000 to 80,000 miles, according to the kind of engine 
in which it was used. He had in use 109 cast-steel crank 
axles, of which 54 had run from 80,000 to 217,515 miles, 
and only one of them had failed after running 112,316 miles. 
He did not approve of auxiliary signals exhibiting both dan- 
ger and caution signals, as they could not be shoivn with 
sufficient certainty to insure the signal not being mistaken by 
the drivers on account of tlie contraction and expansion of the 
wires. He did not agree with the author of this paper as to 
engine drivers passing auxiliary signals when at danger. 
The ordinary rule with regard to danger signals was that a 
driver should be at liberty to come up to a danger signal but 
not to pass it without authoiity from the person in charge of 
it, except in the case of an auxiliary signal. As the person 
in charge of an auxiliary signal was generally at a distance of 
from a quarter to half a mile, it was necessary to allow a 
driver to pass it after having brought his train to a stand as 
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If after having passed an auxiliary 

1 at danger a driver saw the home signal at all right, he 
irould be allowed to proceed without stopping, as after passing 
wtlie auxiliary he would take his directions from the home 
[nal in front of him. 

The real danger arose from the man in charge of signals 
looking on an auxiliary signal as a danger eignal of an ordinary 
kind, and attempting to protect an obstruction with an 
ausiliary signal alone, while it is not an ordinary signal, but 
K<Hie which when at danger a driver is allowed to pass. 
■ A main signal at each end of a station was most desirable, 
as no obstruction should ever be placed between the home 
signal and the auxiliary. 

He most fully agreed with the remarks of Mr. Napier with 
regard to the neoeasity of enforcing discipline; every one 
acquainted with the working of railways knows perfectly that 
certain orders are constantly disobeyed. Numbers of accidents 
have happened from the hne being occupied by a train shunt- 
ing when a fast train, not stopping at the station, is due, 
> although this is distinctly contrary to orders ; constantly the 
■'press of traffic is considered a sufficient excuse for neglecting 
^an order. Nothing in the management of railways was more 
required than strict discipline and great punctuality. Far 
gi-eater punctuality than was usual in the very best worked 
lines was poaaible, and he believed it would be very much for 
the advantage of railways to enforce the greatest punctuality. 
One of the many advantages of the block system was that it 
&cilitated the punctual working of trains. 

I The President agreed with the author that the punish- 
ment for negligence whereby an injury was caused, should 
fall on the persons guilty of the negligence, but thought the 
" ad-misericordiam" appeal for the shareholders was pushed too 
fer, because as the injustice alluded to was thoroughly well 
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known at the time of purchase, the price paid for the ahares 
must have been, to some extent, affected thereby, and if a 
reformation in the law could be effected to relieve the share- 
holdera, the price of the shares would go up at once ; there is, 
therefore, a slight mistake In extending too much compassion 
to the shareholders, at any rate to those who were not original 
subscribers; they are rather to be congratulated on having 
acquired property witli a grievance attached, the removal of 
which is, at any rate possible, with immediate pecuniary 
advantage. 

Public-road level crossings were, no doubt, objectionable, but 
cases occur where the coat of bridges and approaches would 
be out of all proportion to the convenience they would afford, 
having regard to the traffic on the roads ; the General Act 
declares that a substituted road shall be jirovided for every 
one interfered with, and the road authorities, except by acqui- 
escing in the clause of a special act for shutting up or 
diverting a road, seem to be powerless in the matter. 

It is, perhaps, not sufficiently well known that no deviation 
or other alteration of a road is in the slightest degree autho- 
rized by its being shown on Parliamentary plana and sections, 
unless it is also specially set out in a clause in the Act. 

As t,o private level crossings, the Act appears to be strained 
in saying that one gate must be shut before the other is 
opened ; the wording certainly is " any gate," but the intention 
evidently is that a man shall not leave the railway without 
having closed what he has opened. 

The danger arising from driving cattle across a Kulway may 
be greatly lessened by erecting dwarf walls or palings from 
the gate posta to within 4 feet of the rails, -thus reducing the 
distance within which cattle may stray from some 50 or 60 
feet to 14 feet. 

The metropolitan system of placing the booking offices over 
the rails undoubtedly effiicts what is claimed for it; in fact, it 
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,]>revente a pftssenger from being on a wrong platform at any 

time; there h some difficulty, however, in applying it to 
our railways here, where we should have to make the summit 
of a road approaeh the cab-yard of a station. 

If foot-bridgca are put up at stations, their use should be 
rigidly enforced. 

Distant signals, he thought, were always regarded aa indi- 
cators of the state of the home signals, and in this view there 
is nothing inconsistent in running through them when at 
danger. If, of course, this idea is not present to the mind of 
the driver, and that he regards both aa aignala to stop, one of 
-which mu$t be obeyed, but the other may be neglected by 

itom, the position taken in the paper is incontrovertible. 

The arrangement proposed amounts to abolishing the 
liome signal, and working the distant aa main signals. The 
difficulty appears to be that they must be either too far apart, 
or have each a distant signal beyond it. The latter would be 
no improvement on the present arrangement. 

On railways in Germany the semaphore caution signal la not 
used at all. Tliere is a caution signal there, but it is only 
given by hand — -by day by a flag, in il« case, being waved — 
at night by a green hand lamp. 

The system of signals on the Kiiln-Minden line ia as 



At the points at the entrance to a station, at nearly every 

level crossing, and at the entrance of most tunnels and large 

cuttings there is a signal post, with box for a signalman, and 

a telegraphic apparatus worked from the signal station on 

ler side. 

On a passenger train coming into a station, or two minutes 
'fcefbre a goods train leaves, the telegraph clerk signals to the 
next station, and tlie signal ia set to " Leaving station." On 
arriving at a station, leave to enter is given at night by a 
.green light, by day by the usual all-right signal, which la by 
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the arm being inclined up, at au angle of 45° with the 
Yertical- 

The points are all worked separately, and at each there Ja 
an indicating signal, which in the newest arrangement is a 
rectangular glass box, illuminated at night. 

It will be heard with aurjirise that interlocking is absolutely 
unknown in this part of Germany. The signals and signalmen 
are so numerous that a driver is seldom out of sight of Bignale, 
which are met with on an average one in every half mile. On 
single lines there is no train-staff or train-porter arrangement 
known, nor any rule against sending on trains at very short 
intervals, the protection afforded being that of the rules for 
signalmen which require them to stop a train which, " in 
their opinion," is too close on the lieels of the preceding one. 

And yet this is a line which would here rank among the 
first, From Koln to Minden is 163 miles, the same distance 
q. p. as from Dublin to Cork; and of seven daily passenger 
trains each way, three do the journey in under 5 hours, 
namely, in 4 hours 30 minutes, 4 hours 50 minutes, and 4 
hours 53 minutes, respectively. 

One source of danger has not been touched on, on which it 
would be interesting to have some information, viz., colour- 
blindness. Has any accident been directly traced to the 
colour-blindness of an official, and what precautions are taken 
to guard against danger from this source? 



I 



Mr. J. C. Smith in reply, stated that he did not mean 

to advocate the abolition of distant signals, except a block 
system was introduced instead ; theoretically at least, this 
accomplished for long lengths of line what the distant signals 
did (in a very inefficient manner, as proved by tlie Board of 
Trade report) for very short lengths; he maintained that 
when distant signals had to be used they s^jould be of a con- 
struction different from that of the main signals, so as not to 
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Hiftise the driver, a thing wliich, to lib knowledge, frequently 
scurred; he tried to meet this in an inuooiplete way, by 
Hiuig the end of the vanea fishtail for the distant, and 
'Sgnare for the main signals ; aa to working the distant aa a 
repeater of the raiun signal, it appeared to liini to involve the 
possibility of a collision, by a train which had been standing 
between main and distant signals slowly advancing when the 
main was lowered being run into by a train coining up at 
speed beyond the distant signal, which would then be lowered 
as repeating the main one. 

He agreed that there was a mechanical difficulty in working 
these signals by one wire, and did not sec a better way of 
meeting it than having two vanes, with a ivire to each. 

Since reading the paper he had been shown Mr. W. H. 
Preece's pamphlet on Railway Electric Signalling, which 
prescribes the following rules for block system on single 
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No train or engine is to be allowed to pass your box 
a the electric signal for the section into which it is 

about to proceed stands at " All clear," and the line has been 

blocked at the station in advance, thus : — 

2. Ou the arrival of a train or engine at your box, you 
will, provided the electric signal stands at " All clear," at once 
signal to the next station in advance — " Train coming" (No, 
9, Bell Code). 

3. You will then place your switch handle at " On," 
thereby (ilacing the electric signal at the station in advance 

Danger," and preventing another train from meeting 
it entering the section. 

The station in advance will, before acknowledging the 
above signal, put on the danger signals — station and distant — 
against trains coming in the opposite direction to that from 
which the tnun is approaching his station, and keep such 
signals on till that train arrives, and the section is clear. 
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5. On receiving the acknowledgment to the above signal, 
the train may enter the section (No. 2, 3, or 4 Bell Code). 

6. The arrival of the train at the station in advance will be 
Bgnalled — Line clear — Tnun out (Bell Code, No. 10). 

7. You will then remove the electric danger signal, and 
clear the line. 

8. No signal is to be considered complete until it has been 
acknowledged. 

NoTB. — Thess ngnala are Dot intendoil to alt pereed the working 

ansngements already iu use fur altecing the lueetinj, plac but to prevent (as 
tbo7 will prevent), two traini oa a BinglB line meeting ach th b tween any 

It is hoped that Hailway Managera may find the combined 
staff and telegraph arrangement recommended in the paper 
more simple and efficient than this plan; Hiulway servants 
will not, aa a rule, always obey instructions to do things 
which they consider useless or unnecessary, but if they clearlr 
understand the use of a simple method, such aa the staff 
system, it will be attended to. 




[27tli Mny, 187.*.] 

Charles P. Cotton, Preflident, 
In the Chair. 

The following Candidates were balloted for and duly 
elected : — 

Richard F. Kbane, Joseph Philip Ronatne, 
QoRACB Uniacke Townsend, as Members ; Edward 
Browne, Joseph Pope Culvehwell, John R. 
T^iGHAM, as Associates. 

1 a New Kind of Locking Gear and Safety Facing 
Point. By J. Bailey, Vice-President. 

' and various are the forms of interlocking gear now 
r great railway system, each ■vying, as it were, 
with the other in complication, till they seem to have 
culminated in a net-work of rods and cross-rods, bolts, locks, 
rocking and tumbhng shafts, almost equal to a Chinese 
pnzzle. A simple and good " lock," capable of being worked 
with auy number of levers without adding to the com- 
plication, has long been wanted, and such a "lock" the 
author believes he has succeeded in making, and for the 
arrangement of which he has secured a patent. It consists 
of a number of flat bars (Plate XII., Figs. 3, 4) moving in 
a guide trough sitting on, and fixed to, brackets cast on the 
"lever frame," as at A in Figs. 1 and 2. These guide 
troughs and running bars are notched out to admit the 
horizontal bars B in Fig. 2 to rest in them. On the under 
fflde of the bars B is fixed an angle bar or incline plane 
H{Fig. 5), which actuates the running " lock bar " when the 
jver, to which it is attached, is pulled over. It will be 
I at once that by the movement of auy one of these 
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" riiiiiiing bars," any or all the levers can be most effectually 
locked or released at will. Each lever in the "locking 
frame " is provided with a horizontal bar B and " lock rod," 
which is in no way connected to, or influenced by, the other 
levers or " lock bars " — in fact, each lever has power to 
" lock" or " unlock" all the others, and is in no way affected 
by them. The lock or release also takes place on the slightest 
movement of its lever, which of course ia most desirable. 

On referring to the plan, Fig. 3, it will be seen at once 
that No. 1 lever, in its normal position, Is locked by No. 3, 
BO that 3 releasee 1 , and 1 on being made back locks 3. In 
the same manner 2 ia locked in its normal position by 4, and 
on 4 being made it not only releases 2, but at the same time 
locks 3, and 2 on being made back locks 4. 

When it becomes necessary to use " facing points," it ia 
found an improvement to " fix " or " lock " them immediately 
at the points aa well as by the interlocking geai' in the signal 
house, Tiiia "lock" should be so an*anged aa to prevent 
the possibility of the signalman shifting his "points" during 
the time a train is actually passing through them. Plate 
XIII. represents a " lock " of this description, also patented 
by the author. It consists of a pair of light tee or angle iron 
bars A A placed inside the running road, and immediately 
in front of the points L L. The far end of these bars ia 
pivoted to the rails by steel or iron pins passing through 
both, and the near end is provided with cast or wrought 
iron wedges, so arranged as to override the points some two 
or three inches. The gauge is secured by means of the 
cross liars II. B is a rocking siiaft provided with cranks 
and short connecting rods J. E is the " points box," con- 
taining a cranked rod or incline plane F, which actuates the 
points by means of the rod H. The advantage of this 
arrangement is that one lever and one line of points rbd is 
sufficient for working the " points " iind " lock bars," in place 
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two levers and two lines of points rods as in other 
arrangements. There is also another advantage, and of far 
greater importance, which is, that the points are not affected 
by the contraction and expansion of the line of gun-barrel 
points rod. Before shifting the " points " it is absolutely 
necessary that the tee or angle iron bars should be lifted high 
enough to allow the wedges to clear the top of the " switch 
rails," the switches are then shifted, and the "wedges" 
descend and so fix them in their proper position. The tee or 
angle iron bars are 16 to 18 feet ia length, and are placed about 
two inches below the top of the rails, so that the flanges of 
the wheels of a passing train being immediately above them 
most effectually prevents the bars from lifting to release the 
wedges before the last pair of wheels of the last vehicle 
passed the points. 



tlie UsK of Peat in Steam Engines and Siemens' 
URNACES. By Alexander M'Donnell, Vice-Pre- 
sident. 

Before entering on the more immedLite subject of the 
present paper, it may be useful to remark generally on peat 
and the method of manufacturing it by machinery. The top 
of a bog is mostly a fibrous or mossy peat, vurj'ing very much 
in thickness, and only partly formed into true peat. This 
weighs from 30 to 50 lbs. a cubic foot when dug from the 
bog, which does not produce more than from 7 to 10 Iba. of 
di-y peat. The weight of a cubic foot of this dry peat varies 
from 5 to 17 lbs., and in drying it contracts so that it occupies 
fi-om 44 to (18 per cent, of the space it occupied when wet. 
Thia is a very inferior and worthless fuel. Under the mossy 
top peat there are three or four beds varying in their quality, 
t on an average a ton of ihe peat as taken from the bog 



156 



USE' 6* IPBAT* IK aTtAM KKGINES 



contains fi-om 42 to 48 cubic feet, and it requiree from 175 
to 225 cubic feet to make a ton of air-dried peat. It may 
be roughly estimated that an acre ef bog, four feet thick, will 
produce about 1,000 tons of air-dried turf. 

A fair sample of cut turf weighs about 33 lbs. a cubic foot. 
This when packed close in a wagon will weigh 21 lbs. a cubic 
foot, and when put in loosely 17 lbs. a cubic foot. Black 
turf weighs from 40 to 44 Ibe, a cubic foot, when well packed 
closely 33 lbs. a cubic foot, and when loose 23 lbs. a cubic 
foot. When pretty well dried a solid foot of turf will weigh 
about double what the same will weigh when loaded into a 
wagon. The quantity of water in wet peat, as cut from the 
bog, varies from 70 to 85 per cent., and this will give from 
20 to 40 per cent, of air-dried turf, which will cont^n from 
20 to 25 per cent, of water. An average sample of bcown 
turf pf good quality weighs, when wet, 46 to 50 lbs. a cubic 
foot, it contains 80 per cent, of water, 26 to 28 per cent, of 
air-dried turf, and 20 per cent, of dry fuel. A ton of such 
turf when wet will contain from 47 to 48 cubic feet, and it 
will require from 175 to 185 cubic feet to make a ton of air- 
dried turf. The densest mountain turf requires about 75 
cubic feet or two and a-half tons of wet turf to make a ton of 
iur-dried turf. An ordinary piece of turf cut from a bog does 
not contract in drying equally in all directions, the contraction 
in the vertical direction being greater than in the horizontal. 
Turf from different parts of a bog, and from different bogs, 
varies very much in this respect, but generally the roots and 
fibre being in rather horizontal layers prevent the shrinkage. 
When peat is reduced to pulp, the fibre being more or less 
broken up, the contraction is equal in all directions, and is 
rather greater than the greatest contraction of the cut turf. 
Peat reduced to pulp and moulded by machinery has also a 
smoother surfiice, packs closer, and throws off wet better than 
cut turf. It also seems to have an advantage in drying 
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' fkater, iKirricularly during the first few daye. The amount of 
advantage in drying arising from the fibre being broken up 
does not seem to be very, accurately known, but probably it 
is not as great aa some seem to sitppoae. If aamples were 
nmde of equal size and put in similar poeitioiia, there would 
he no great difference in the time aeceesary for drying, 
although for the first few days the machine-made peat would 
have the advantage. The author has not himself made suffi- 
ciently careful experiments on thia to arrive at a very satis- 
factory conclusion. In order to find the exact amounts that 
peat contracts when cut in the ordinary way and when reduced 
to pulp, samples were cut to exact dimensions, and samples of 
the same were pulped and moulded. They were carefully 
measured when wet, and afterwards when well air-dried. The 
following table gives the amount of contraction from drying 

t and the weight of a cubic foot of the dry turf: — 
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cut 
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From this it may be inferred that peat when pulped and 
lied contracts to about one-fifth of its original size, and when 
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cut in the ordinary way and dried it contracts to rather leas 
than a-third of its original size, Thia is when the peat is of 
good quality and extremely well air-dried. The samples 
which were pulped were afterwards dried with artificial heat, 
and lost from 12 to 17 per cent, more moisture. They were 
then allowed to remain in water for about two hours when 
tliey absorbed extremely little moisture, but the brittle peat 
burst to pieces. 

There are many machines proposed for reducing peat to 
pidp, and moulding it, and many will be found to work well. 
Different kinds of peat, however, will not be equally well 
worked by the same machine. The author would not adopt 
for ordinary peat of good quality any of the machines which are 
said to cut the peat. A certain amount of cutting is probably 
necessary with some kinds of peat, particularly when it contains 
many roots and sticks, but, as a general rule, peat which is 
worth working by machinery is easily reduced to pulp, the 
fibre being rotten and easily broken up. Peat in which the 
fibre is not rotten is extremely difficult to cut, and is hardly 
ever worth working by machinery as it will not give a dense 
fuel by any manipulation. A bog of fibrous peat generally 
contains a quantity of what the people on the bog call " horse 
flesh," which it is nearly impoasible to cut. It is very likely 
to break the knives or choke any macliine which attempts In 
cut it, unless the machine is what might be considered use- 
lessly strong and expensive. The bog from which the author 
has made peat being extremely bad and full of fibre, he has 
adopted a machine which does not cut the 'peat, but reduces 
it to pulp by blows; it is not, perliaps, better than many 
other machines, but it is a simple, strong, and cheap machine 
(Plate XIV.). There ia a horizontal casing A, the bottom of 
which 13 a semi-cylinder, the sidea being vertical — something 
of the form of the letter U. In this a horizontal sliaft B 
works with a number of blades C at ri^jht angles to it, each 
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idc having a slight twist, eo that (he peat tlirowu in at ouo 
end is thrown out at the other. This part of the machine is 
exactly similar to the concrete- mixing machine adopted by 
Mr. Stoney (see Plate VIII.)' The peat thrown In at one 
end is redcced to pulp by the rapid blowa of the blades, and 
U delivered at the other end into two cast-iron cylinders D 
in which two screws work. These screws press the pulped 
peat out through four mouthpieces in four continuous 
streams. It is received on wooden trays E which are pushed 
forward on rollers by the peat itself as it is forced out. When 
the tray is full the i)eat is cut into lengths by hand; the tray 
is taken away and another pushed up to take its place. The 
trays are placed on small wagons constructed to carry them, 
with small spaces between, so as to allow the air to circulate. 
After about two days the peat is suffiuiently dry to be turned 
off the trays on to the ground or the door of the shed. In a 
few days they are turned and afterwards piled so as to make 
room for more. The peat as it comes from the machine is 
rather larger than the section of the mouthpieces, which is 
3"^ X 2"|. Each tray takes the peat from two mouthpieces, 
the length being 28 inches. Each wagon holds 240 trays, 
and on na average it takes 42 minutes to make a wagon full. 

The bog on which the author has made trials is of a very 
inferior t[uaiity, the peat has to be raised a considerable height 
to put it into the machine, and there is not a sufficient space 
for drying the peat after coming from the machine ; he cannot 
give, therefore, very accurately the cost of making a ton of 
peat from a good hog when the machinery is fixed in the 
moat convenient way. Each tray holds the third of a cubic 
foot of pulped peat, and each wagon about 80 cubic feet. A 
cubic foot weighs 63 Iby., which is 12 lbs. more than the 
Vfflght of a cubic foot of the peat as taken from the bog. A 
wagon made from ]»eat six feet below the surface of the bog 
on which trials have hecn mude, produces 8 cwt., hut if made 
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from a good bog would produce from 9 to 10 cwts. If made 
from first-nxte peat it would produce 12 cwts. or more. The 
cost of making a wagon is 3s. 2d., including drying and load- 
ing into wagons. The cost of making a, ton of dry peat will, 
therefore, vary from Ts. lid. to Ob. 4d. according to whether 
8 or 10 cwta. are produced from a wagon of wet pulped peat. 
Probably the cost of making a wagon of pulped peat might 
be reduced to 2a. lOd., or perhaps less. In this case the coat 
of a ton of dry peat would vary from Ts. Id. to 5s. 8d. accord- 
ing to the quality of the bog. It will be seen from this how 
much depends on the bog being of good quality, so that in 
order to get a ton of dry peat as small a quantity as possible 
of wet peat should be required. 

Before going into the manufacture of peat on anything like 
a large scale, it is, of course, necessary to obtiun some reliable 
information as to its value for commercial purposes as compared 
with coal. In many places for domestic use peat and coal do 
not come into competition at all. The only question being 
how peat can be made at the lowest price, and as far as pos- 
sible independent of the weather. There are other places 
where they do corae into competition, but it would be an 
extremely difficult thing to give any idea of the comparative 
value of the two fuels. The fact is, that for domestic pur- 
poses all fuel is used in a most wasteful and extravagant way, 
so that it is impossible to give any true value to any fuel. 

The author has tried peat against coal in a boiler for a 
stationary engine, in a locomotive, and in Siemens' Regene- 
rative Gas Furnace. In a stationary boiler of the locomotive 
form 36J cwts. of peat (common air-dried) kept up steam for 
a day, the average consumption of Welsh coal being 17J 
cwts. The coal had a good deal of small, and was not quite 
equal to average coal. This gave 100 tons of peat as equiva- 
lent to 48 tons of coal. 

In a stationary boiler of a similar kind 120f cwts. of peat 
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' bpt up steam for two days, the consumptio 
for the same time bciog 59J cwta. Thb gave 100 tons of 
peat as equivalent to 49-3 tons of coal. 

A locomotive ran 347 miles with a light goods train, with 

11 tons 9 cwt. of peat, or 73-9 lbs. a mile. The same engine 
ran the same distance with a rather heavier train with 5 tons 

12 cwt. of Welsh coal, or 361 lbs. a mile. This gave 100 
tons of peat aa equivalent to 49 tons of coal. In this trial 
the train with which the peat was used was lighter than the 
train wilt which coal was used, and the consumption of coal 
was greater than the average. The consumption of coal with 
the train with which peat was used would not have been more 
than 32 or 33 lbs. a mile, which would give a proportion of 
100 tons of peat as equivalent to 43 tons of coal. 

A locomotive ran 520 miles with a passenger tram, the 
average load was 7-6 six-wheeled carriages, the maximum load 
14 carriagcB, the speed 29 miles an hour. The consumption 
was 12 tons of peat, or 51 6 lbs. a mile. The same engine ran 
663 miles with a passenger train, the average load 6*4 car- 
riages, the speed 30 miles an hour. The consumption was 6 
tons of Welsh coal, or 20'3 lbs. a mile. This gives 100 tons 
of peat as eqiuvalent to 39 tons of coal. In this trial the 
consumption of coal was rather low, and the train with which 
coal was used lighter than that with which peat was used. 
The avenge consumption of coal with the same engine for 
the previous month was 21'6 lbs. a mile, which would give 
100 tons of peat as equivalent to 42 tons of coal. 

Another trial with a locomotive with a passenger train gave 
fthe following result. Distance run 694 miles, speed 29 miles 
§-j>er hour. Avenige load 7'1 carriages; consumption 15 tons 
3 cwts. of peat, equal to 489 lbs. a mile. The average con- 
sumption of coal with the same train was from 22 to 23 lbs. a 
mile, which would give 100 tons of peat, equivalent to from 
45 to 47 tons of coal. 
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The totfll result of these trials would give 100 tons of jieat, 
as equivalent to from 48 to 49 tons of coliI, when used in 
stationary boilers, and as equivaleot to from 40 to 47 tons (^ 
coal when used in locomotives. The price of coal being taken 
at 20b. a ton, the price of peat should be from 93. 6d. to IDs, 
a ton in order to compete with coal in stationary engines, 
and from 8s. to Ss. 6d. a ton to compete with coal in loco- 
motives. 

The moat favourable results in the use of peat which the 
author haa obtained ia from Siemens' Regenerative Gas 
Furnace for heating iron for large forgings, under a steam 
hammer. In the Regenerative Gas Furnace, the principles 
of which are so well known as to require little explanation, 
the fuel is converted into gas in a producer, which is a rect- 
angular brick chamber, with one side inclined, and a grate 
at tlie bottom. The fuel is charged through a box or hopper, 
and falls in a thick mass on the grate. Air is admitted at the 
grat«, and first forms carbonic acid with the carbon of the 
fuel, which, rising through the ignited mass, takes np another 
equivalent of carbon and forma carbonic oxide. The hydro- 
carbons and the moisture are diatilled by the heat, and the 
carbonic oxide mixed with these, and diluted with nitrogen, 
rises to the top of the chamber and is carried off through a 
tube to the furnace. In passing through the tube the gases 
are cooled and the moisture and tar arc condensed. 

The furnace is built with four chambers underneath, which 
are filled with fire-brick, stacked loosely with spaces lietween. 
The gases passing through the cooling tube from the pro- 
ducer enter the funiaee through one of these chambers, the 
air necessary for combustion passing through the one next it. 
The air aud gas meet on entering the furnace and enter Into 
combination. The combined gases with the waste heat of 
combustion pass away to the chimney through the other two 
chambers, giving up a large quantity of heat to the brick- 
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work. After « time (genemlly about half-an-hour), a properly 
arranged systein of valves are turned, and the cold ^r and 
gas enter through tlie two heated chambers, becoming heated 
by passing through the brickworli. The gases with the waste 
heat pass away to the flue through the chamber tiirough which 
the gas and air formerly entered. By thus reversing tlie 
current regularly, almost all the heat of combustion is retained 
iii the furnace, and an extremely high heat is obtained. 

It will be seen at once that the disadvantages of peat as a 
fuel — its bulk, its dampness, and its not being able to with- 
stand a blast — do not prevent its being used with advantage in 
such a furnace. The moisture of the peat must, of course, be 
driven off, but this is done in an inexpensive way, and when 
the cooling tube is sufficiently long, the vapour is condensed, so 
that it does not injure the inflammable gases. 

The wat«r which is in the peat in the fonn of moisture is 
uot, in the authors opinion, decom 
at too low a temperature. There i 
vapourizing the moisture, and agaii 
to condense the vapour. The loss i 
is hardly anything gained by allowing the gas to enter the 
regenerative chambers at a liigh temperature, because the 
temperature of the waste gases aa they pass away to the flue 
must be at least as great as the tempersiture of the gases entering 
the regenerative chamber. The condensed water and tar run 
in a constant stream from one end of tlie cooling tube. 

Before the Siemens' Gas Furnace was erected the author 
used an ordinary air furnace for heating iron for large forginga 
under a steam hammer. Taking the average from half a year's 
working, it required 4'EI6 tons of Rnabon coal for a ton of 
finished forginga, using this air furnace. The result of ten 
weeks' use of peat in Siemens' Gas Furnace gave 509 tons of 
peat to a ton of finished forginga. The result of six weeks 
use of coal in Siemens' Gas Furnace gave 3'ti tuns of coal to 
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a ton of finished forginga, and the result of the last three of 
the six weeks, which, probably, is the most correct, gave 2-86 
tons of coal to a ton of finished forgings. This gives 100 
tons of peat as equivalent to 57'2 tons of coal. 

Supposing that coal of sufficiently good quality to be used 
in a gas furnace, can be got for Ss. a ton less than the best 
coal, so that when the price of the best coal is 20s. a ton, the 
price of the inferior coal is 15s. a ton, then the price of peat 
should be 8b. 6d. a ton in order to compete with such coal in 
a Regenerative Gas Furnace. 

The successful use of peat in this furnace has been greatly 
due to the intelligence and care of the men employed at it. 
The author's foreman, Mr. Owens, who had never worked, 
and had only once seen a fiimace of the kind, has had entire 
charge of the working of the furnace, and its success has been 
greatly due to his intelligence and perseverance. Everyone 
knows how diflScult it sometimes is to introduce anything 
new, and there have been great difllculties found in introducing 
Siemens' Furnace in some places, but from the time this fur- 
nace was first lit it has worked in a satisfactory way. 

In order to test how soon after been cut from a bog peat 
could be used in the gas furnace, some bog was cut and made 
on the 1st April, and on the 2i)th April it was used in the 
furnace. 

The author exhibited to the meeting two outside coupling 
rods forged by this peat, also pieces of iron cut from the same 
forgings, and forged and bent cold so as to show the quality 
of the iron ; also some pieces of steel melted in the furnace 
from old files, to show the heat which can be obtained from 
peat 
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GEIKIE, Earth Sculpture, 4to, Plates, 


Lond., 1874. 


106. 


GIBES, Drawing of Architecture, Folio, Plales, 

Land, 1736. 


I 10. 


GOODWIN, DealgEis for Cottages, Series I. 


U., 4lo, Plates, 
Lond., 1833-4. 


■■;108. 


GOTHIC Architecture, Essays on, Plates, 


Lo>id., 1802. 


^fiQ9. 


Id., Id., Plates, 


LoHd., 1808. 1 


110. 


GYFFORD, Designs for Cottages, 4to, 2 Vols., Plates, 1 
Lond., 1806-7. 1 


^Liii. 


HALFPENNY, Gothic Ornaments, 4to, Pkt«8, ' 
rork, 1796. 


^Hiis. 


HAUGHTON, Manual of Tides, 8vo, 


Lond., 1870. 


^Hu3. 


HAYWOOD, Pavements of London, 8vo, 


Lond., 1873. 


^B-|;14. 


HENNESSEY, Flood at Cork, 8vo, 


Cork, 1854. 


^Kns. 


Id.. Notes on Meteorology, 8vo 


1866. 


^H»6. 


Id., On the Study of Science, 8 


TO, Dub., 1858. 
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117. HENNESSEY, Uniform Systei 



of Weights, Ac, 8vo, 

Lond., 1858, 



118. HODGES, Law of Kailwaya, 8vo, Lond., 1847. 

119. HOWARD, On Prisons, 2 Vols, 4to, Land., 1791-2, 

120. HUGHES, Waterworks, 8vo, Zand., 1856. 

121. HUNT, Doraeatic Architecture, 4to, Lond., 1825. 

122. BUTTON, Principles of Bridges, 8vo, Newcastle, 1772, 

123. Id., Tracts, 3 Vols., 8vo, Plates, Lond., 1812. 



124. ES'STITUTE (Architectural of Scotland), Transactions, 

Vols. I. to IV., 8to, Plates, Edin., 1851-5. 

125. INSTITUTION of Civil Eogineera, Transactions, 3 Vols., 

4to, Plates Lond., 1842. 

12S. Proceedings and Index, 21 Vols., 8vo, Plates, 1837-61. 
Wants Vol. XI. 

127. Id., Id., 11 Vols., 8vo. Plates, 1861-70. 

128. Id., Vols. 31 to 3S, 870, Plates, 1870-73, 

129. Library Catalogues, L<md., 1851-66-70. 

130. Education and Status of Civil Engineers, Lond., 1870. 

131. INSTITUTION of Civil Engineers of Ireland. 

132. Proceedings, Vols. I. to IX., 8vo, Plates, Bub.. 1845-71. 

133. By-lawa, 1835, 44, 57, 62, 73, 
List of Members v. y, 

134. INSTITUTION of Engine 

Vols. I. to XI., Plates, 1 
Wants Vol. IX. 

135. INSTITUTION of Mechanical Engineers, Proceedings, 24 

Vols., 8vo, Plates, Birm., 1847-73, 

136. INSTITUl'ION of Mining and Mechanical Engineers of 

North of England, Transactions, Vol. XXIII., Parts I., 
II., Royal 8vo, Plates, NewcoMk, 1873, 

137. INSTITUTION (Smithsonian). 

Annual Reports, 1864-70, 8vo, Wash., 1865-71. 

Contributions to Knowledge, viz. ; — 
Bache, Magnetic Survey of Pennsylvania, 4to., 1863. 

Coffin, Orbit of a Fireball, 4to. 1869. 

Draper, Celestial Photography, 4to, 1864. 



I of Scotland, Transactions, 
i, Glasgow, 1857-68. 
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Gould, Transatlantic Longitude, 4to, 


1869. ' 




Leidy Extinct Vertebrate Fauna, 


1878. 




M'Clintock, Meteorological OliserTationa, 4to, 


1862. j 




Schoti, Id., Id., 4to, 


1867. ' 




Swan, Indiana of Cape Flattery, 4to, 


1869. 




Thomas, Acrididte of N. A., 


1873. 


138. 


JACOB, Storage Reservoirs, 8vo, 


ion.!., 1857. 


139. 


JAMES, Catalogue Ordnance Survey Maps, &c., England ' 
and Walts, Ireland, Scotland, 8vo, Lond., 1862-3. 


1 140 


Id., Meteorological Observations at Dublin, 1829 to J 
1852, 8vo, Dub., 1856. 1 


^141 


JAMESON, Mineralogy, 8vo, 


Edm., 1837. 1 


■ 142 


JOHNSTONE, Land Drainage, 8vo, 


Z»«J., 1841. 1 


^B 143. 


JONES, Grecian VUlos, Folio, 


Land., 1835. 1 


■ 144. 


JONES, Inigo, Designs, Id., 


Lorut., 1744. 


145. 


KANE, Industrial Resources of Ireland, 8to, 


ft*., 1849. 


146. 


KELLAND, Theory of Heat, 


Cm, 1837. 


^ 147. 


KLLLALY, Plans, Ac, of Boyal Canal, Folio 


MS. 


^H 148 


KIRKALDT, Mechanical Properties of Steel 


4to, 

Lond., 1873. 


^H 149 


KNIGHT, Erris and the Atlantic Railway, 8vo., IM., 1834. ' 


^B >50 


KRAFFT, Paris House, &c., Folio, Plates, 


Psw, n. d. 


^H 151. 


Id., Charpente, Foilo, Plates, 


Pan,, 1805. 


^B 162 


LANGLET, Ancient Masonry, Folio, Plates, 


Land., 1736. 1 


^H 153 


LARDNER, Steam Engine, 8yo, 


LoTid., 1848. 1 


■ 154 


LE KEUX, St. Paul's Cathedral, 4to, 


ionrf., 1813. ' 


^B 155 


LINDSAY, Railway from Dublin to the North, Tract, 8vo, 

Arm., 1845. j 


US 


LYELL, Principles of Geology, 4 Vols, 8vo, 


Land., 1837. 1 


1 


M'ADAM, Trusts of Tumpite Roads, Part I 


Lond., 1825. ' 
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158. M'ARTHUR, Financial Facts, 8to, Land., 1853. 

169. M'CAI-MONT, Victoria' Bridge, 8vo, 1856. 

160. MACKENZIE, Maritime Survey of Ireland, Folio, 

Land., 1776. 

161. MACKENZIE, St. Stephen's Chapel, Elph. Folio, 

Lond., 1845. 

1 62. MACMAHON, Drainage of Lough Neagh, 8vo, Dub., 1845. 

163. Id., Id., 8vo, Dub., 1846. 

164. MACNEILL, Tables for Earthwork, 8vo, Dub., 1833. 

165. Id., Id., 2nd Edit., 8ro, Dub., 1846. 

166. MAHAN, Civil Engineering, 4to, Loud., 1845. 
MAI.LKT, Anrollett'a System of Atmospheric Railway, 



Tract, 4to, 

Buptur 



Id., 



Id., 



Paris, 1845. 
■Q of Wrought Iron, 8vo, Lond., 1860. 
n of Air and Water on Wrought Iron, 8vo, 
Lond., 1843. 
Railway Track Corrosion, Land., 1850. 

Preparation of Tnrf, 8vo, Duh., 1845. 

Science of Culture of Cotton, 8vo, Lond., 1862. 
Keport on Maeliinesi, &c,, Lond., n. d. 

. MANNING, Report on Barrages, 8vo, Dub., 1873. 

. MAPS, Society for Diffuaion of Useful Knowledge, 2 Vols, 
in 4, 4to, Lond., 1849. 

. MARMION, Maritime Ports of Ireland, 8vo, Lond., 1860. 
. MARTIN, Circle of Mechanical Arts, 4to, Lortd,, 1813. 

. MATHESON, Works in Iron, 8vo, Lond., 1873. 

. MEIK, Tidal Gauge at Sunderland. 
. MELCHIORI, GIL Antiebi Sepolcri, 8vo, Plates, Rome, 
. METEOROLOGICAL Committee Quarterly Reports. 1869, 
4 Parts; 1870, 4 Parts; 1871, Parts 1 and 2; 1872, Parts 



I, and 3, 4to, Plates, 
Atlantic North of 30°, 2 Parts, 4to Plates, 
North Atlantic to 40°, 4to, Plates, 
Capo Horn, 4 to, Plates, 
Antarctic Regions, 4to, Flatea, 

182. MEYLER, Ventilation, 8vo, 2 copies, 

183. MIDDLETON, Plans Middleees Prison, F 



Lond., 1870-3. 
Lond., 1872. 
iMid., 1872. 
Lond., 1871. 
Load., 1873. 
Land., 1822. 

^Lottd., 1787. 
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161. MILNEB, Ecclesiastical Arcbitecture, 8vo, Lond.^ 1811. 

185. Id., Id., 8ro, Lond., 1835. 

186. MORITZ-RUHLMAN, Turbines, small 4to, Duh., 1846. 

187. MORRIS, Rural Architecture, 8vo, Platea, Lmd., 1750. 

188. MORRISON, Architectural Designs, large 8yo, iJu6., 1793. 

189. MOSELEY, Troatise oq Mechanics, 8vo, Lmd., 1834. 

190. Id., Mechanical Principle.?, 8vo, Loiid., 1855. 

191. MUKPHY, Church of Batalha, Folio, Lond., 1795. 

192. NEVILLE, Report on PubUc Works of Dublin, 8vo, 

Duh., 1869. 

193. NICHOLSON, Operative Mechftnic, Lond., 1825. 

194. Id., Student's Instructor, 8vo, Loud., 1839. 

195. Id., Architectural Dictionary, 3 Vol§., Platea, 
4to and Folio, Lond., 1819. 

196. NIMMO, Maps of Coast of Ireland. 



197. ORRIDGE, Gaol at Bury, 4to, 



Lond., 1819. 



198. PAGET, Steam Boilers, 8vo, Lond., 18C5. 

199. PAMBOUR, Theory of the Steam Engine, 8vo, Lond., 1839. 

200. PERCIER et FONTAINE, Palais, &c., DessiniSa k Rome, 

Folio, Plates, Paris, 1798. 

201. PERRONET, Constructio 

202. Id., Nouvelle Edition, 2 Vols., 4to and Folio, 

Paris, 1788. 

203. PIRANESI, Architettura di Romani, T. I. and H., Oblong 

Folio. 

204. Id., Veduti Italiani, Oblong Folio. 

205. Id., Magnificentia et Architettura, Folio, 



Id., Designs for Churches, 4to, Plates, Lond., 1819. 
. POUSSIN, Chemins de fer Americwas, 8vo, Paris, 1836. 
Id., Travans d'Ameli orations. Maps, 4to, 
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210. PRACTICAL Mechanics Journal, Vols. I. to VIU., bound, 

4to, Plates, Zwid, 1849-56. 

211. Unbound, 1856, incomplete ; 1857, 58, 59, 60, complete; 

61, incomplete. 

212. PUGIN, Specimens of Gothic Architecture, 4to, Lond. 

213. PEICHARD, Report on ^horeham Harbour, 4to, 

Lond., 1843. 

214. Id., Treatise on Harbours, Vol. I., 4to, 

Lond., 1844. 



215. RAILWAYS, Comparati 

leable Iron Railways, 8' 

216. Id., First and Second Report of Ci 
Iriah Railwaya, small Folio, 

Id., Maps., Do. 

217. Id., First and Second, lA, Do., 
Id., Map and Sections, Do., 

218. Id., Evidence as to ditto, Do., 

219. RAILWAY Times, Vols. I. to XXIV., 4to, 



Lond., 18S7-38. 

Lond., 1868. 

Lond., 1868. 

Lond., -1866. 

Lond., 183e 



Wants Vol. for 1847, but has "Herepath'a Railway Jour- 
nal" for that year and for 1862. 
RAILWAY News, Vols. I-VI., Folio, Lond., 1864-6. 

RANKINE, Potential Energy, Tract, 8vo, Lond., 1 

Id., Espansion of Vapours, Tract, 8vo, Lond., 1 

Id., Thermo-dynamics, 8vo, Lond., 1865. 

Id., Id., 2nd Law, Tract, 8vo, 

Lond., 1865. 
Manual of Applied Mechanics, 8vo, 

Lond., 1858, 
Manual of Civil Engineering, Svo, Lond., 1862 
Theory of Stream Lines, Paper, 4to, 

Lond., 1871 
Action of PropeUers, 4to, Lond., 1865. 

Remarks on Apparent Negative Slip, 4to, 

Lond., 1867. 
Balanced Rudder, 4to, Lond., 1866. 

Calcuiationa of Stability of a Ship, Lond., 1 
Action of Waves, 4to, Lond., V 



225. 


Id., 


226. 


Id., 


227. 


Id., 



Id., 
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233. KANKINE, Waves traveUing with Ships, 4to, Lond., 1868. 

234. HEGUNORTES, Pont de Pierre, Folio, Plates, 

Paris, 1771. 

233. EEID on Ventilation, 8vo, Lond., 1844. 

236. REPORTS, Accidents in Mines, with Minutes of Evidence, 
Folio, Lond., 1835. 

237. Id., Astronomer Royal, 4to, 2 Parts, Lond., 1872-3. 

238. Id., Bogs of Ireland, 3 Vols., Plates, Folio, 
Lo„d., 1810-4. 

239. Id., Drainage of Ireland.* 
10 Vols, and Parts, 8vo, Plates, IM., 1844-48. 

240. Id., Gauge Commission, Fcap 8vo, Lond., 1846. 

241. Id., Grand Juries Ireland, 8vo, Dub., 1842. 

242. Id., Hiirhoura of Refuge, 2 Vols., Fcap 8vo, 
Loiid., 1859. 

Id,, Iron in Railway Structures, Fcap 8vo, 

Lond., 1849. 
Id., Lights, Buoys, and Bea 

Id., Metropolitan Drainage, Fcap 8vo, Loml., 1857. 

24G. Id., Midland Mining Commission, Fcap 8vo, 

Loud., 1843. 

247. Id., Porta for West India Mails, Fcap 8vo, 

Lond., 1841. 

248. Id., Public Works of Ireland, 19th Vol., 

Lond., 1851. 

249. Id., Queen's Colleges, Fcap, Du&., 1858. 

250. Id., Shannon Navigation, Second, Third, and Fourth, 

Loitd., 1837-9. 

251. RICHTHOFER, Volcanic Rocks, San Fran., 1868. 

252. ROCQUE, Maps Dublin City, Environs, and County; 

Armagh County ; Cork City ; Ireland, 20 sheets in 1 

Vol., 1759-73. 

253. ROGERS on Sewerage. 8vo, Lon±, n. d. 
I 254. RONDELET, Art de Batir, 5 Tomes. 

^^V Wanting Tome IV., 4to and Folio, Plates, Parig, 1834. 

^^Hfi. SARSon 



pfi. SARS on Fossils, 4io. 

I to these will bo found in No. 343, 
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i!56, SARS ou Animal Life on Norwegian Coa^t, ^to, 

Ckrutimia, 1872. 

257. SCHRAMKE, Croton Aqueduct, 4to, Plates, New York, n. A. 

258. SEMPLE, BuOding in Water, ito, Plates, Dub., 1776. 

259. Id., Id. 

260. SIMMS, Public Works of Great Britain, FoUo, Plates, 

Land., 1838. 

261. Id., Practical Tunnelling, 4to, Land., 1844. 

262. BMEATON, Natural Powers of Wind and Water, 8to, 

Lond., 1794. 



263. 



264. 
2G5. 



Id., 

Id., 

Id., 



Eddy stone Lighthouse, Folio, Plates, 

Lond., 1813. 
Id. 



Reports, 3 Vols., 4to, Plates, 
Id., 2nd Edition, 2 Vols. 



Lond., 1812. 

266. Id., Id., 2nd Edition, 2 Vols, iu 1, 4to, Plates, 

Lond., 1837. 

267. Id., Miscellaneous Papers, 4to, Plates, Lotid., 1814, 

268. SMITH, G., Ornamental Designs, 4to, Zond., 1812. 

269. SMITH, W. H., Sea-wall Question Analyzed, Lond., 1849. 

270. SOCIETE des Ing^nienrs CivUs, 8vo, Plates, 

Paris, 1868-74. 
Wants 1868, 2 c. ; 1870, 3 aod 4 c. ; 1871, 4 c. ; 1872, 1 c. 

271. SOCIETT of Arts Journal, Vol. L, Svo, Plates, 

Lond., 1853-73. 
, Wants Nos. 10; 12; 13; 14; 18; 19; 22; 30; 39; 51; 
67; 68; 73; 79; 319; 374; S87 ; 397; 413; 433; 
446; 447; 449; 452; 462; 474; 495; 501; 546; 
679; 646; 647; 649; 662; 681; 713; 743; 748; 
765; 783; 823; 893; 928; 931; 940; 947; 948; 
961; 962; 965; 968; 992; 096; 999; 1,018; 1,022; 
1,030; 1,038; 1,048; 1,050; 1,053; 1,061; 1,076; 
1,077. 

272. SOCIETT of Arts, Scottish, Transactions, Vol. I., Part, 5, 

Vol. IL, Parts 1 to 4, Vol. HI., Parts 1 to 5, VoL IV., 
Parts 2 and 3, Vol. V., Part 1, Edin., 1839-57. 

273. SOCIETY, Rojal Dublin. Charter, 8vo, Dub., 1839. 

Proceedings November 4, 1842, to .lune 29, 1843; Novem- 
ber 2, 1843, to July 4, 1844; November 7, 1844, to 
June 26, 1845. 

274. Journal, Vols, I. to V. ; Vol. VI., Part 1, Dub. 1858-70. 
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275. SOCIETY of Enginwrfl, Bvo. 

TranBactlona, 1860 to 1871, Land., 1861-73. 

276. SOCIETY, Geological of Dublin. 

Joiirnal, Vol X., Parts 1 and 2, Loud., 1868-4. 

277. Id., Royal Geological of Ireland. 

Journal, Vol. I., Parts 1, 2, 3 ; Vol. IL, Parta 1, 2, 3 ; Vol. 
in., Parts 1, 2, 3, Dtib., 1665-73. 

278. SOCIETY, Geological of Edinburgh. 

Vol. I., Parta 1 to 3 ; Vol. 11., Parts 1 and 2 ; 8vo, 

Edin.., 1868-73. 

279. SPIERS, Dictionnairc Anglais'Francals, et FraDcaia-Anglaia, 

2 Vols. 8to, Paris, 1872. 

280. SPOOKER, Narrow Gauge Railwajs, 8vo, Land., 1871. 

281. STEVENSON, Skerryvore Lighthouse, Folio, Plates, 

iond, 1848. 

282. STITT, Architect's Ready Asa iatant, 8vo, Oui., 1819. 

283. STONEY, New Formula) for Strains in Braced Girdera, 

Tract, 8vo, Dub., 1859. 

284. Id., On Relative Deflections of Lattice Girders, 4to, 

Dub , 1863. 

285. Id., Theory of Strains in Girders, &c., Land., 1873. 

286. STRAITH, Treatise on Fortification, Oblong Folio, Plates, 

Land., 

287. Id., Id., 3rd Edition, 8vo, 

Land., 1841. 

288. STRICKLAND, Reports on Canals, PennslyTania, Plates, 

Pka., 1826. 

289. STUART, Antiquities of Athem, Vols. I., n., ni.„ Folio, 

Plate.% Lond., 1762-87-94. 

280. TATHAM, Etchings Ornamental Architecture, Foljo, 

Lond., 1810. 

291. TAYLOR, Harbours of Refuge, 4to, Plates, Plymoxah^lSiQ. 

292. TOMI.INSON, Warming and VentilatioD, 8vo, Lond., 1850. 

293. TOTTIE, Sepulchral Monuments, Folio, Lond., 1889. 

294. TREDGOLD, Raiboads and Carriages, Lond., 1825. 

295. TULLOCH, Vehar Lake Dams, Tract, 8vo, Plates, 

Bomb., 1871. 

296. Id., Drainage of Bombay, 8vo, Plates, Loud., 1872. 



II. 



M 



297. TULLOCH, Water Supply of Bombay, 8vo. Plates, 

Lond., 1872. 



298. VALLANCT, Inland Navigation, 4io, Plates, Dub., 1763. 



Id., 



Id. 



ionrf., 1849. 
Lond., 1850. 
Land., 1837. 



SOO. VAELEY, Mineralogy, small 8vo, 

301. VIGNOLES, Coke from Turf, 8to, 

302. VISCONTI, Egyptian Antiquitiea, Folio, 
203. VITRUVIUS, Civil Architecture, 4to Vol., Plates, 

Lond., 1842. 

304. VITRUVIUS Britannicus, Vols. H., UI., IV., V., Folio, 

Platea, Lond., 1725-71. 



306. WARE on Vaults, Svo, Lond., 1822, 

306. WEALE, Builder's Price Book, small 8vo, Lond., 1857. 

307. Id., Ensamplea of Railway Machinery, L(md.,18i3. 

308. WHISHAW, Analysis of Railways, 8vo, Lo/id., 1837. 

309. WIGGINTON, Model Town Dwellings, 4to, Lond., 1850. 

310. WILD, Exploration of Egypt, Tract, 8vo, Lond., 1850 

311. WILKINSON, Practical Geology and Ancient Architecture 



of Ireland, Plates, royal Svo, 
Id., Id., 

. WUUAMS, Heat in its relations to Water a 



Lond., 1845. 



314. Id., Comhustion of Coal, 8to, 

315. WOOD, J., Plans for Cottages, Folio, Plates, 

316. WOOD, E., Euins of Palmyra, Folio, Plates, 

317. WOOD, N., Treatise on Railroads, Svo, 

318. Id., Id., 2nd Edition, Svo, 

Lond.. 1832. 

319. WOOLHOUSE, MeasurcB, Weights, and Moneys of all 

Nations, Svo, Lond., 1856. 



id Steam, Svo, 
Lond., 1861. 
Lond., 1858. 
Lond., 1792. 
Lond., 1753. 
Lond., 1825. 
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LIST OF DONORS. 



The Numbers prefixed in the Catalogue to the Books 
presented follow the names of the Donors, 



(The late) M. B. Mullins' bequest : — 

Nos. 10, 11, 12, 14, 18, 20, 21, 22, 27, 28, 30, 31, 32, 33, 34, 
^%, 42, 45, 46, 47, part 48, 58, 65, ^Q, 67, 68, 71, 75, 80, 84, 85, 
90, 94, 97, 100, 102, 103, 104, 105, 106, 107, 110, 111, 119, 
120, 121, 142, 143, 144, 147, 150, 151, 152, 153, 154, 177, 183, 
184, 185, 186, 187, 188, 190, 191, 193, 195, 197, 199, 200, 203, 
204, 205, 206, 207, 212, 225, 257, 263, 265, 267, 268, 282, 286, 
287, 288, 289, 290, 292, 293, 299, 300, 302, 303, 304, 305, 306, 
309, 314, 315, 319. Also Portfolios of Drawings. 

Editor of the Buildeb. 
No. 39. 

C. P. Cotton, President 

Nos. 1, 2, 3, 4, 5, 6, 19, 22, 29, 43, 44, 49, 51, 56, 57, 57a, 60, 
63, 73, 77, part 82, 112, 118, 146, 164, 175, 178, 179, 194, 213, 
214, 217, 220, 234, 240, 258, 274, 276, 277, 279, 280, 281, 291, 
318. Also current numbers of Mining Journal, and Railway 
News. 

Professor Downing, Vice-President. 
No. 72. 

Editor of the Engineer. 
No. 82 (latter part). 

(The late) B. Gibbons. 

Nos. 52, 145, 157, 158, 160, 241, 294, 312. 
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Sir Richard Griffith, Bart., Past President, 
Nos, 25, 50, 163, 298, 308, 317. 

R. Mallet, Past President. 

Nos. 167, 168, 169, 170, 171, 172, 173. 

(The late) Professor Rankine. 

Nos. 221, 222, 223, 224, 228, 229, 230, 231, 232, 233. 

J. Chaloner Smith, Hon, Sec, 

Nos. 26, 35, 38, 81, part 82, 140, 174, 181, 192, 196, 210, 219, 
237, 238, 250, 252, 255, 256. 

B. B. Stoney, Past President, 
Nos. 283, 284, 285. 

Major Hector Tulloch. 
Nos. 295, 296, 297. 

Publications are interchanged with the following: — 

Geological Society, Edinburgh. 

Institution of Civil Engineers, London. 

Institution of Engineers and Shipbuilders, Glasgow. 

Institution of Mining and Mechanical Engineers, Newcastle- 

on-Tyne. 
Institution of Mechanical Engineers, Birmingham. 
Royal Geological Society, Dublin. 
Smithsonian Institution, Washington. 
Socifetfe des Ingenieurs Civils, Paris. 
Society of Arts, London. 
Society of Engineers, London. 



Jnstttetian nf Cibil Cirginfers of |rclaitb, 

136, STEPHEN'S-GREEN, WEST, DUBLIN. 



THIBTT-EIGHTH TEAK, 1874. 



EEPOKT OF COUNCIL, 



Since the last Report the following Papers have been read 
before the Institution: — 

March 12th, 1873. — Remarka on Town Scavenging. By J. Leks 

ROSBORODGH. 

Dec. lOlli, 1873.— Description of the New Syphons at the WexforJ 
South Reclamation. By W. G. Strtfe, Member. 

„ „ On the Discharge of Tidal Sluicea, By C. P. 

Cotton, President. 

The following new Members have been added:— 

HOBERT DENNY, | MARTIN JOHN FARRELL. 

JAMES TIGHE. 

The following new Associates have been added: — 

WILLIAM ARTHUR FRY, | WILLIAM FERGUSON, 

HERBERT GEORGE HDSLEY. 

The Donations of Books will be published in the Catalogue of 
the Library, now in preparation. 



I 



The reaolurion of the General Meeting of 21st November, 1873, 

has been carried oat, and the rooms in Stephen's-green are now j 

open; a copy of the rules for their regulation is appended to I 

thia Heport. i 

It is not proposed at present to alter the arrangement for 
holding the evening meetings in Trinity College. 

The Conncil hope that the accommodation and advantages 
afforded by this change will be such as to induce those belon^ng j 
to the profession in thia country, who are properly qualified, to I 
become Members; and also that the number of Associates will be ' 
largely increased from amongst the younger Engineers, and those 
whose pursuits are more or leas allied with Civil Engineering. 

Several Members holding high positions in the profession having 
retired from the Institution some years ago, the Council recommend 
that up to the end of this year former Members may be allowed 
to rejoin without entrance fee and without ballot, provided a 
resolution for the re-admission of each be proposed by the Council, 
and passed at a General Meeting of the Institution. 

The Council propose, in future, to send out their Report 
accompanied by the balloting list, in time for consideration at the 
December meeting of each year. 

The tenth volume of Transactions is now in preparation, and 
a priced list of back volumes will be circiJated amongst the 
Members to enable those who desire it to complete their sets. 

A glance through these volumes will show that a large number 
of subjects of great interest to the profession in this country have 



not been touched upon in any of the papers ; many other matters, 
clearly illustrated by papers at the time, have so much developed 
and altered, that further information is very desirable; and the 
Council trust that the Members will aiford to the Institution and 
the profeaaion the results of their experience by means of these 
papers; and they may be assured that no record of careful obaer- 
Tationa of the progress of any work, whether the result be buc- 
j cesefid or not, can fail to be of interest and value. 

W Eooms to be open every week-day, excepting Good Friday and 
CluiBtnias Day, from 9 a.m. to 5 p.m. Members and Aasociatee 
to have free use of the rooms during these hours, and to be 
empowered to introduce visitors, upon entering their names in the 
book provided for the purpose. 



■ BULES FOR THE REGULATION OF ROOMS. 



No book or paper is to be removed from the rooms without 
a special authority from the Council, and it is requested that every 
fcook will be restored to its place on the shelves, and not left 
lying about. 

Letters and messages for Members and Associates, addressed 
to 13f!, Stephen's-green, West, Dublin, will be taken charge of 
by the attendant of the Institution. 



Writing materials are provided, and it is requested that any 
auggeetiohs for the greater convenience of the Members may be 
entered in the Observation Book, which will be laid before every 
Council. 
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